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7KHVLV DGYLVRU 3URIHVVRU 6DOYDWRUH *DJOLR





'XULQJ WKH ODVW GHFDGHV WKH DYDLODELOLW\ RI LQFUHDVLQJO\ FKHDSHU WHFKQRORJ\ IRUSHUYDVLYHPRQLWRULQJKDV
ERRVWHG WKH FUHDWLRQ RI V\VWHPV DEOH WR DXWRPDWLFDOO\ FRPSUHKHQG WKH HYHQWV RFFXUULQJ LQ WKH PRQL
WRUHG DUHD LQ RUGHU WR SODQ D VHW RI DFWLRQV WR EULQJ WKH HQYLURQPHQW FORVHU WR WKH XVHUأV SUHIHUHQFHV
7KHVH V\VWHPV PXVW LQHYLWDEO\ SURFHVV D JUHDW DPRXQW RI UDZ GDWD ؞ VHQVRU PHDVXUHPHQWV ؞ DQG QHHG
WR VXPPDUL]H WKHP LQ D KLJKOHYHO UHSUHVHQWDWLRQ WR DFFRPSOLVK WKHLU WDVNV $Q LPSOLFLW UHTXLUHPHQW
LV WKH QHHG WR OHDUQ IURP H[SHULHQFH LQ RUGHU WR EH DEOH WR FDSWXUH WKH KLGGHQ VWUXFWXUH RI WKH GDWD LQ
WHUPV RI UHODWLRQV EHWZHHQ LWV NH\ FRPSRQHQWV 7KH DYDLODELOLW\ RI ODUJH FROOHFWLRQV RI GDWD KRZHYHU
KDV LQFUHDVHG WKH DZDUHQHVV WKDW إPHDVXULQJئ GRHV QRW VHDPOHVVO\ WUDQVODWH LQWR إXQGHUVWDQGLQJئ DQG
PRUH GDWD GRHV QRW HQWDLO PRUH NQRZOHGJH 6FLHQWLஹ஭F OLWHUDWXUH GRFXPHQWV D PDVVLYH XVH RI 6WDWLVWLFDO
0DFKLQH /HDUQLQJ LQ DOPRVW DOO GDWD DQDO\VLV DQG GDWD PLQLQJ DSSOLFDWLRQV DLPLQJ DW PLQLPL]LQJ WKH
QHHG IRU DSULRUL NQRZOHGJH $ UHPDUNDEOH GUDZEDFN RI VXFK DOJRULWKPV KRZHYHU LV WKHLU IDLOXUH WR
HஸIRUWOHVVO\ SURYLGH LQVLJKW DERXW WKHPRVW VLJQLஹ஭FDQW IHDWXUHV RI WKH GDWD DV WKH\ W\SLFDOO\ MXVW SURYLGH
RSWLPDO SDUDPHWHU VHWWLQJV IRU D إEODFNER[ئ
,Q WKLV WKHVLV LW LV FODLPHG WKDW VWUXFWXUH LV WKH NH\ WR KDQGOH WKH FRPSOH[LW\ RI DFTXLULQJ NQRZO
HGJH IURP XQVWUXFWXUHG GDWD LQ UHDOOLIH VFHQDULRV $ VKLIி LQ SHUVSHFWLYH ZLOO DOORZ WR WDFNOH ZLWK WKH
XQDGGUHVVHG JRDO RI UHSUHVHQWLQJ NQRZOHGJH E\ PHDQV RI WKH VWUXFWXUH LQIHUUHG IURP WKH FROOHFWHG
VDPSOHV PRUH VSHFLஹ஭FDOO\ WKH VXJJHVWLRQ LV WR VWDWH WKLV SURFHVV ZLWKLQ WKH IUDPHZRUN RI IRUPDO ODQ
JXDJHV DQG DXWRPDWD ERUURZLQJ FRQFHSWV DQG PHWKRGV IURP $OJRULWKPLF /HDUQLQJ 7KHRU\ ,Q WKLV
FRQWH[W NQRZOHGJH H[WUDFWLRQ PD\ EH WXUQHG LQWR VWUXFWXUDO SDWWHUQ LGHQWLஹ஭FDWLRQ OHWWLQJ V\QWDFWLF
PRGHOV HPHUJH IURP GDWD LWVHOI
,Q RUGHU WR SURYH WKH VRXQGQHVV RI WKLV SURSRVDO WKUHH GLஸIHUHQW FDVH VWXGLHV ZLOO EH SUHVHQWHG
H[SORLWLQJ VWDWLVWLFDO OHDUQLQJ V\QWDFWLFDO PHWKRGV DQG IRUPDO ODQJXDJHV UHVSHFWLYHO\ 7KH WKLUG DS
SURDFK ZLOO EH SDUWLFXODUO\ XVHIXO WR KLJKOLJKW WKH DGYDQWDJH RI EXLOGLQJ LQWULQVLFDOO\ UHFXUVLYH PRG
HOV ZKLFK JLYH PXOWLVFDOH ؞ PRUH QDWXUDO ؞ UHSUHVHQWDWLRQV DV D UHVXOW WKH FRPSXWDWLRQDO EXUGHQ
WKDW FKDUDFWHUL]HV WKH KXJH YROXPH RI GDWD ZLOO EH OHVVHQHG 0RUHRYHU WKH WDVN RI GHVLJQLQJ UHOL




,৫ঢ়১ড় ২ৣ ২ড়৕ৢয় ৙৪৙০৭ৣৢ৙ ZKR KHOSHG PH FRPSOHWH WKLV WKHVLV ZLWKRXW WKHLU FRQWLQXHG HQFRXU
DJHPHQW DQG VXSSRUW WKLV ZRUN ZRXOG KDYH QHYHU EHHQ ஹ஭QLVKHG DQG LW SUREDEO\ ZRXOG KDYH QHYHU
VWDUWHG
, ZRXOG OLNH WR WKDQN P\ 3K' DGYLVRU 3URIHVVRU 6DOYDWRUH *DJOLR IRU KLV JXLGDQFH GXULQJ WKHVH
SDVW WKUHH \HDUV , DP DOVR YHU\ JUDWHIXO WR P\ 3K' FRDGYLVRU 3URIHVVRU 0DUFR 2UWRODQL IRU KLV VFL
HQWLஹ஭F DGYLFH DQG NQRZOHGJH DQGPDQ\ LQVLJKWIXO GLVFXVVLRQV DQG VXJJHVWLRQV KLV VXSSRUW LQ ZULWLQJ
WKLV WKHVLV ZDV LQYDOXDEOH
, ZLVK WR H[SUHVV P\ VLQFHUH JUDWLWXGH WR 3URIHVVRU *LXVHSSH /R 5H GLUHFWRU RI 1HWZRUNLQJ DQG
'LVWULEXWHG 6\VWHPV UHVHDUFK JURXS IRU KLV KHOS DQG DGYLFH GXULQJ P\ 3K' FRXUVH VWXG\
7KH SUHVHQW DQG SDVW PHPEHUV RI WKH $, DQG 1'6 UHVHDUFK JURXS KDYH FRQWULEXWHG LPPHQVHO\
WR P\ SHUVRQDO DQG SURIHVVLRQDO WLPH GXULQJ WKHVH \HDUV 0DUFR 2UD]LR *DEULHOH $QWRQLR DQG DOO
WKH RWKHU SHRSOH , KDG WKH SOHDVXUH WR ZRUN ZLWK
/DVW EXW QRW OHDVW ,ZLOO IRUHYHU EH WKDQNIXO WRP\ IDPLO\ DQGP\JLUOIULHQG IRU WKHLU XQGHUVWDQGLQJ
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,ৢ ০৙ৗ৙ৢ২ ৭৙৕০১ ২ড়৙ ৕৪৕ঢ়ৠ৕৖ঢ়ৠঢ়২৭ ৣ৚ ৕ৢ ৙৪৙০ঢ়ৢৗ০৙৕১ঢ়ৢ৛ QXPEHU RI FKHDS DQG XQREWUXVLYH
VHQVLQJ GHYLFHV KDV SLTXHG WKH LQWHUHVW RI WKH VFLHQWLஹ஭F FRPPXQLW\ DERXW WKH QHHG RI QRYHO PHWKRGV
IRU DXWRPDWLF FRPSUHKHQVLRQ RI WKH HQYLURQPHQW EDVHG RQ WKH FROOHFWLRQ RI UDZ GDWD PHDVXUHPHQWV
:LGHDUHD VHQVRU LQIUDVWUXFWXUHV:LUHOHVV 6HQVRU 1HWZRUN :61 DQG:LUHOHVV 6HQVRU DQG $FWX
DWRU 1HWZRUN :6$1 EHDU PDVVLYH YROXPHV RI GDWD ZLWK GLYHUVH IHDWXUHV >@ ZKLFK QHHG WR EH Hஸஹ஭
FLHQWO\ KDQGOHG DQG SURFHVVHG WR H[WUDFW UHOHYDQW LQIRUPDWLRQ LQ RUGHU WR SURYLGH SUHGLFWLYH LQVLJKWV
DQG VXSSRUW XVHUV LQ FRQWUROOLQJ WKH PRQLWRUHG HQYLURQPHQWV 7KLV XQSUHFHGHQWHG UHTXLUHPHQW KDV
JLYHQ ULVH WR D QHZ UHVHDUFK ஹ஭HOG FURVVLQJ VHYHUDO DUHDV VXFK DV PDFKLQH OHDUQLQJ SDWWHUQ UHFRJQLWLRQ
VWDWLVWLFV H[SHUW V\VWHPV GDWD YLVXDOL]DWLRQ DQG KLJK SHUIRUPDQFH FRPSXWLQJ >@ 5HVHDUFKHUV RI WKLV
QHZ ஹ஭HOG ZRUN FORVHO\ ZLWK GRPDLQ H[SHUWV LQ RUGHU WR FUHDWH UHOLDEOH PRGHOV GHHSO\ URRWHG LQWR WKH

UDZ GDWD SURYLGHG E\ WKH FRPSOH[ VHW RI PRQLWRULQJ VHQVRUV
7KH DSSOLFDWLRQV RI NQRZOHGJH GLVFRYHU\ IURP VHQVRU\ GDWD DUH QXPHURXV UDQJLQJ IURP HQHUJ\
JULG PRQLWRULQJ WR GLVDVWHU SUHYHQWLRQ +RZHYHU RQH RI WKH PRVW FRPPRQ XVH VFHQDULRV LV$PELHQW
,QWHOOLJHQFH $P, D QHZ SDUDGLJP LQ $UWLஹ஭FLDO ,QWHOOLJHQFH WKDW DLPV DW H[SORLWLQJ WKH LQIRUPDWLRQ
DERXW WKH HQYLURQPHQW VWDWH LQ RUGHU WR SHUVRQDOL]H LW DGDSWLQJ WKH HQYLURQPHQW WR XVHU SUHIHUHQFHV
>@ 7KH SHUVRQDOL]DWLRQ SURFHVV VKRXOG EH WUDQVSDWHQW WR WKH XVHU WKXV WKH LQWULQVLF UHTXLUHPHQW RI
DQ\ $P, V\VWHP LV WKH SUHVHQFH RI SHUYDVLYH VHQVRU\ GHYLFHV
7KHPDMRULW\ RI WUDGLWLRQDO GDWDPLQLQJ DQGPDFKLQH OHDUQLQJ DSSURDFKHV DUH QRW GLUHFWO\ VXLWDEOH
WR GHDO ZLWK WKH QHZ FKDOOHQJHV LQ NQRZOHGJH H[WUDFWLRQ DQG UHSUHVHQWDWLRQ IRVWHUHG E\ VHQVRU\ GDWD
DQDO\VLV 6R WKH DWWHQWLRQ RI UHVHDUFKHUV KDV EHHQ QXGJHG WRZDUGV UHSUHVHQWDWLRQV DEOH WR FDSWXUH
UHODWLRQVKLSV LQ GDWD KLJKOLJKWLQJ KLGGHQ VWUXFWXUHV LQ RUGHU WR DFTXLUH DFFXUDWH DQG JHQHUDO PRGHOV
HDV\ WR EH WUDQVIHUUHG DFURVV VLPLODU VFHQDULRV DQG OHVV WLHG WR WKH VSHFLஹ஭F VHWWLQJV RI WKH VHQVRU VHW WKDW
SURGXFHG WKH GDWD
,Q WKLV WKHVLV D JHQHUDO IUDPHZRUN WR H[WUDFW DQG UHSUHVHQW VWUXFWXUDO NQRZOHGJH LV SUHVHQWHG
DORQJ ZLWK VHYHUDO PHWKRGV DQG DSSURDFKHV WR LPSOHPHQW LW 0RUHRYHU UHSUHVHQWDWLYH FDVH VWXGLHV
UHODWHG WR WKHPDLQ DSSOLFDWLRQV RI VHQVRU\ GDWD DUH SURYLGHG WKRURXJKO\ LQYHVWLJDWLQJ WKHPDLQ LVVXHV
RI HDFK VFHQDULR DQG SURSRVLQJ DQ HஸIHFWLYH VROXWLRQ EDVHG RQ VWUXFWXUDO NQRZOHGJH
 .ৢৣ৫ৠ৙৘৛৙ ৘ঢ়১ৗৣ৪৙০৭
7KH QHHG IRU FRXSOLQJ VHPDQWLFVZLWK D VHTXHQFH RI VHQVRU UHDGLQJV FDQ EH H[SUHVVHG LQ WKH IUDPHZRUN
RI NQRZOHGJH GLVFRYHU\ ZKLFK LV ZHOONQRZQ LQ OLWHUDWXUH 7KXV LQ WKLV VHFWLRQ PDLQ LVVXHV UHODWHG
WR WKLV UHVHDUFK DUHD DQG VWDWHRIWKHDUW DSSURDFKHV SURSRVHG LQ VFLHQWLஹ஭F OLWHUDWXUH ZLOO EH SUHVHQWHG
,QIHUULQJ NQRZOHGJH IURP GDWD LV DQ RSHQ LVVXH LQ &RPSXWHU 6FLHQFH DQG LQ SDUWLFXODU LQ GDWD PLQLQJ
>@ ,Q WKLV FRQWH[W GHஹ஭QLQJ ZKDW FDQ EH GHHPHG DV LQWHUHVWLQJ NQRZOHGJH LV D KDUG SUREOHP EHFDXVH
LW LPSOLHV WR ஹ஭QG RXW ZKDW FDQ EH LQWHUSUHWHG DV DQ LPSRUWDQW LQIRUPDWLRQ
+LVWRULFDOO\ D ஹ஭UVW GHEDWH RQ WKH PRVW SURஹ஭WDEOH ZD\ WR H[WUDFW XVHIXO LQIRUPDWLRQ LH NQRZO

HGJH IURP D GDWD FROOHFWLRQ ZDV RSHQHG E\ -RKQ 7XNH\ >@ ,Q WKH VHYHQWLHV KH SURSRVHG WKH ([
SORUDWRU\ 'DWD $QDOLV\V ('$ DV RSSRVLWH WR WKH &RQ؀UPDWRU\ 'DWD $QDO\Vॾ &'$ RU 6WDWLVWLFDO
+\SRWKHVॾ 7HVWLQJ 6+7 WKDW ZDV WKH VWDQGDUG DSSURDFK LQ WKRVH \HDUV ,Q WKH ('$ DSSURDFK GDWD
LV DQDO\]HG ZLWK GLஸIHUHQW WHFKQLTXHV WR VXPPDUL]H LWV FKDUDFWHULVWLFV 8QOLNH &'$ 7XNH\ VXJJHVWV WR
OHW K\SRWKHVHV HPHUJH IURP GDWD LWVHOI UDWKHU WKDQ XVLQJ GDWD RQO\ WR WHVW DSULRUL K\SRWKHVHV ('$ LV
MXVW DQ DSSURDFK QRW D VHW RI WHFKQLTXHV LH D VXJJHVWLRQ DERXW KRZ GDWD DQDO\VLV VKRXOG EH FDUULHG
RXW DQG ZKDW LWV JRDOV VKRXOG EH 0RVW RI WKH WHFKQLTXHV LQVSLUHG WR ('$ XVH WKH SRZHU RI JUDSKLFDO
UHSUHVHQWDWLRQ WR UHYHDO WKH VWUXFWXUH RI WKH GDWD WR WKH DQDO\VW RஸIHULQJ QHZ DQG RIிHQ XQH[SHFWHG LQ
VLJKWV ,Q RWKHU ZRUGV ('$ HPSRZHUV WKH DQDO\VWأV QDWXUDO SDWWHUQUHFRJQLWLRQ FDSDELOLWLHV DQG ZDV
WKH VHPLQDO ZRUN RI PRGHUQ DSSURDFKHV WR GDWD PLQLQJ DQG SDWWHUQ UHFRJQLWLRQ
2QH RI WKH FRQWHPSRUDU\ DQG LQGHSHQGHQW E\ GHYHORSHG UHVHDUFK RQ WKH WUDFN RI ('$ LV WKH VR
FDOOHG *HQHUDO 8QDU\ +\SRWKHVॽ $XWRPDWRQ *8+$ >@ 7KH DLPV DUH WR GHVFULEH DOO DVVHUWLRQV
ZKLFK PD\ EH K\SRWKHVHV WR YHULI\ HDFK RI VXFK DVVHUWLRQV DQG WR ஹ஭QG WKH إLQWHUHVWLQJئ RQHV EDVHG
RQ FROOHFWHG GDWD 7KHVH WHFKQLTXHV V\VWHPDWLFDOO\ JHQHUDWH DOO LQWHUHVWLQJ K\SRWKHVHV ZLWK UHVSHFW WR
WKH JLYHQ GDWD K\SRWKHVHV GHVFULELQJ UHODWLRQV DPRQJ SURSHUWLHV RI REMHFWV YLD D VWDQGDUG FRPSXWHU
V\VWHP DQG WKHUHIRUH UHSUHVHQW D ஹ஭UVW DWWHPSW WR IRUPDOL]H DQ DXWRPDWLF LQGXFWLYH DSSURDFK )RUPDO
ORJLF LV XVHG WR IRUPXODWH K\SRWKHVHV FRGHG DV DVVRFLDWLRQ RI SURSHUWLHV (DFK REMHFW LV UHSUHVHQWHG
E\ D URZ LQ D UHFWDQJXODU PDWUL[ ZKRVH FROXPQV DUH SURSHUWLHV RI WKH REMHFW %\ DQDO\VLQJ WKLV GDWD
VWUXFWXUH LW LV SRVVLEOH WR GLVFRYHU GHSHQGHQFLHV EHWZHHQ GLஸIHUHQW SURSHUWLHV 7KH ZKROH SURFHVV LV
FRPSRVHG E\ WKUHH VWHSV SUHSURFHVVLQJ NHUQHO DQG SRVWSURFHVVLQJ ,Q WKH ஹ஭UVW VWHS PDWUL[ LV DUUDQJHG
LQ D IRUP VXLWDEOH IRU D TXLFN K\SRWKHVLV JHQHUDWLRQ ,Q WKH NHUQHO SKDVH K\SRWKHVHV DUH JHQHUDWHG
DQG HYDOXDWHG ZKLOH LQ WKH ODVW VWHS K\SRWKHVHV DUH DQDO\]HG LQ RUGHU WR LQWHUSUHW WKHP
,W LV FUXFLDO WR QRWH WKDW WKH SUREOHP RI OHWWLQJ VWUXFWXUH DQG H[SODQDWLRQ HPHUJH IURP GDWD LW
VHOI DQG QRW IURP DSULRUL K\SRWKHVHV ZDV FHQWUDO VLQFH WKH EHJLQQLQJ RI GDWD DQDO\VLV KLVWRU\ DQG KDV
JDLQHG PRUH UHOHYDQFH RYHU WKH \HDUV GXH WR WKH HYHULQFUHDVLQJ VL]H DQG KHWHURJHQHLW\ WKDW KDYH FKDU
DFWHUL]HG WKH GDWD WR DQDO\]H 1RZDGD\V WKH FROOHFWHG VHQVRU\ GDWD PDNH LW LPSRVVLEOH WR SURPRWH

DSULRUL K\SRWKHVHV WR GHVFULEH HYHQWV RI LQWHUHVW 7KH GLVFXVVLRQ EHWZHHQ ('$ DQG &'$ DSSURDFKHV
KDV UHQHZHG LQ PDFKLQH OHDUQLQJ ,Q IDFW WZR GLஸIHUHQW DSSURDFKHV KDYH JURZQ LQ LPSRUWDQFH LQ
GXFWLYH DQG GHGXFWLYH OHDUQLQJ 7KLV GLVWLQFWLRQ UH஺ாHFWV WKH GLஸIHUHQFHV DQG JRDOV DOUHDG\ XQGHUOLQHG
E\ 7XNH\ ZLWK D VSHFLDO IRFXV RI DWWHQWLRQ WR WKH OHDUQLQJ PDWWHU 7KH LQGXFWLYH DSSURDFKHV VWDWH WKH
OHDUQLQJ SUREOHP DV ஹ஭QGLQJ D K\SRWKHVLV WKDW DJUHHV ZLWK WKH H[DPSOHV SUHIHUULQJ WKH PRVW VLPSOH
RQH
2QH RI WKHPRVW IDPRXV DQG SUROLஹ஭F LQGXFWLYH WKHRU\ LV WKH 6WDWLVWLFDO /HDUQLQJ 7KHRU\ 6/7 >@
LWV PDLQ JRDO LV WR DQDO\]H WKH SUREOHP RI WKH LQIHUHQFH SURYLGLQJ D IUDPHZRUN WKDW DVVXPHV VWDWLVWLFDO
DVVXPSWLRQV DERXW WKH GDWD JHQHUDWHG E\ D SKHQRPHQRQ ,W LQFOXGHV D YDULHW\ RI DOJRULWKPV VXFK DV
LQVWDQFHEDVHG OHDUQLQJ 6XSSRUW 9HFWRU 0DFKLQH 690$UWL؀FLDO 1HXUDO 1HWZRUN $11 HWF
(DFK RI WKHVH DSSURDFKHV VWUHVVHV GLஸIHUHQW DVSHFWV RI OHDUQLQJ SUREOHP EXW WKH\ DOO UHOLHYH WKH
DQDO\VW DQG GHVLJQHU IURP IRUPXODWLQJ DQ DSULRUL K\SRWKHVLV DERXW GDWD 2Q WKH RWKHU KDQG WKHLU
UHVXOWV DUH QRW XVHIXO WR LQFUHDVH WKH NQRZOHGJH UHJDUGLQJ D SDUWLFXODU SUREOHP EHFDXVH WKH\ FDQ EH
FRQVLGHUHG DV D EODFNER[ WKDW FDQ EH DSSOLHG RQ XQVHHQ GDWD EXW WKHPRGHO RI WKH GDWD WKH\ XVH LV QRW
KXPDQ LQWHUSUHWDEOH
7KH GHGXFWLYH OHDUQLQJ DSSURDFKHV FRQVWLWXWH WKH RWKHU FODVV RI PDFKLQH OHDUQLQJ DOJRULWKPV )RU
H[DPSOH D PHWKRG WR LQIHU JHQHUDO FRQFHSWV IURP H[DPSOHV LV NQRZQ DV ([SODQDWLRQ%DVHG *HQHU
DOL]DWLRQ (%* >@ 7KLV GHGXFWLYH DSSURDFK H[SODLQV ZK\ D WUDLQLQJ H[DPSOH LV D PHPEHU RI WKH
FRQFHSW EHLQJ OHDUQHG ,W UHOLHV RQ IRXU PDLQ FRPSRQHQWV D JRDO FRQFHSW WUDLQLQJ H[DPSOH GRPDLQ
WKHRU\ DQGRSHUDWLRQDO FULWHULRQ H[SODQDWLRQV DUH UHSUHVHQWHGE\+RUQFODXVH LQIHUHQFH UXOHV DUUDQJHG
LQ SURRI WUHHV 7KH DLP RI WKH V\VWHP LV MXVW WR JHQHUDOL]H FRQFHSWV IURP H[DPSOHV GHVFULELQJ WKHP
WKURXJK KLJKOHYHO SURSHUWLHV ZKLOH WUDLQLQJ H[DPSOHV DUH UHSUHVHQWHG LQ WHUPV RI ORZHU OHYHO IHDWXUHV
*HQHUDOL]DWLRQ LV DFKLHYHG WKURXJK WKH PDQLSXODWLRQ RI WKH VRFDOOHG GRPDLQ WKHRU\ WKURXJK RSHUD
WLRQDO FULWHULD 7KH GRPDLQ WKHRU\ LV PDGH XS RI D VHW RI LQIHUHQFH UXOHV DQG D[LRPV DERXW WKH GRPDLQ
RI LQWHUHVW DQG LW LV XVHG WR GHPRQVWUDWH WKH YDOLGLW\ RI WKH H[DPSOH ZKHUHDV RSHUDWLRQDO FULWHULD LQGL
FDWH KRZ D FRQFHSW PXVW EH H[SUHVVHG WR EH UHFRJQL]HG $ VOLJKWO\ GLஸIHUHQW DSSURDFK LV WKDW SURSRVHG

E\ >@ ,Q WKLV FDVH WKH V\VWHP LV QRW RQO\ DEOH WR JHQHUDOL]H D FRQFHSW EXW WR FKHFN ZKHUH D JHQHUDO
L]DWLRQ IDLOV IRU D SDUWLFXODU H[DPSOH VR WKDW WKH V\VWHP FDQ UHஹ஭QH LW 7KHUHIRUH LW LV SRVVLEOH QRW RQO\
WR LQIHU D JHQHUDO FRQFHSW EXW DOVR WR FKHFN ZKHWKHU DQ H[DPSOH LV FRKHUHQW ZLWK WKDW JHQHUDOL]DWLRQ
RU ZK\ LW LV QRW LQ RWKHU ZRUGV WKH V\VWHP LV DEOH WR OHDUQ 7KLV DSSURDFK LV FDOOHG ([SODQDWLRQ
%DVHG /HDUQLQJ (%/ $Q HYROXWLRQ RI WKH (%/ LV SURSRVHG LQ >@ 7KLV DSSURDFK WULHV WR PHUJH
WKH ROG (%/ HQJLQH EDVHG RQ V\PEROLF NQRZOHGJH UHSUHVHQWDWLRQ ZLWK WKH VWDWLVWLFDO DSSURDFK 7KH
SURSRVHG V\VWHP DLPV WR WDNH DGYDQWDJH RI WKH UREXVWQHVV RI VWDWLVWLFDO DSSURDFK UHVSHFW WR UHDO ZRUG
SUREOHPV EXW DW WKH VDPH WLPH LW H[SORLWV WKH H[SUHVVLYH SRZHU RI V\PEROLF NQRZOHGJH UHSUHVHQWDWLRQ
$Q DOWHUQDWLYH DSSURDFK WR JHQHUDOL]DWLRQ XVHV IRUPDO ODQJXDJHV DQG LV NQRZQ DV V\QWDFWLF SDWWHUQ
UHFRJQLWLRQ >@ ,Q WKHVH V\VWHPV FRQFHSWV DUH GHFRPSRVHG LQWR VLPSOHU SDUWV DQG WKHLU GHVFULSWLRQ
UHOLHV RQ D JUDPPDU 7KH SUREOHP RI LQIHUULQJ NQRZOHGJH LV VWDWHG DV WKH SUREOHP RI GHVLJQ D OHDUQLQJ
PDFKLQH IRU SDWWHUQ UHFRJQLWLRQ ZKHUH D SDWWHUQ LV D SDUWLFXODU VWUXFWXUH LQFOXGHG LQWR WKH JUDPPDU
7KH V\VWHP LQIHUV D JUDPPDU IURP WUDLQLQJ H[DPSOHV DQG DSSOLHV LW RQ WKH QHZ GDWD LQ RUGHU WR YHULI\
LI WKH VWULQJ RI WHUPLQDO V\PEROV EHORQJV WR WKH OHDUQHG JUDPPDU 7KLV NLQG RI DSSURDFK UHTXLUHV
SUHOLPLQDU\ ZRUN E\ WKH GHVLJQHU LQ RQWRORJ\ GRPDLQ GHஹ஭QLWLRQ LQ RUGHU WR LGHQWLI\ WKH NH\ HOHPHQWV
RI WKH UHSUHVHQWDWLRQ 7KH PDMRU GUDZEDFN ZLWK WKLV PHWKRGV LV WKH KLJK FRPSXWDWLRQDO FRVW QHHGHG
WR LQIHU JUDPPDUV +LVWRULFDOO\ WKHVH DSSURDFKHV KDYH EHHQ FRQVLGHUHG DV DOWHUQDWLYHV WR VWDWLVWLFDO
OHDUQLQJ V\VWHPV EXW GXULQJ WKH ODVW GHFDGHV PDQ\ HஸIRUWV KDYH EHHQ PDGH WR XQLI\ VWDWLVWLFDO DQG
V\QWDFWLF SDWWHUQ UHFRJQLWLRQ VHH >@
2WKHU DXWKRUV FRQVLGHU WUDGLWLRQDO DSSURDFKHV LQDGHTXDWH WR FRSHZLWK WKH FRPSOH[LW\ RIPDQDJ
LQJ NQRZOHGJH DQG LWV HYROXWLRQ LQ FRPSOH[ SKHQRPHQD +RZHYHU WKH\ EHOLHYH WKDW WKHVH VFHQDULRV
FDQQRW EH PRGHOHG RQO\ E\ PDWKHPDWLFDO RU VWDWLVWLFDO PHDQV )RU H[DPSOH (YROYLQJ 7UDQVIRUPDWLRQ
6\VWHP (76 LV D IRUPDOLVP WKDW WULHV WR XQLI\ WKH V\QWDFWLF DQG VWDWLVWLFDO SDWWHUQ UHFRJQLWLRQ LQ RU
GHU WR FUHDWH D QHZ NLQG RI FODVV UHSUHVHQWDWLRQ 7KH GHஹ஭QLWLRQ RI FODVV DFFRUGLQJ WR WKH DXWKRU UHVWV
RQ WKH JHQHUDWLYH VLGH REMHFWV EHORQJLQJ WR WKH VDPH FODVV VKDUH VLPLODU JHQHUDWLYH KLVWRULHV ,Q WKLV
FRQWH[W D JHQHUDWLYH V\VWHP LV D QRQGHWHUPLQLVWLF V\VWHP RSHUDWLQJ RQ DFWXDO HQWLWLHV DQG DVVHPEOLQJ

WKHP LQWR ODUJHU HQWLWLHV DQG HYHQWXDOO\ LQWR FODVV REMHFWV JXLGHG E\ VRPH KLHUDUFKLFDO GHVFULSWLRQ RI
WKH FODVV >@ 7KLV NLQG RI UHSUHVHQWDWLRQ LV IRFXVHG RQ WKH SUREOHP RI JLYLQJ D VWUXFWXUDO UHSUHVHQWD
WLRQ WR WKH GDWD (DFK REMHFW LQ WKLV IRUPDOLVP LV WKRXJKW RI DV D WHPSRUDO VWUXFWXUDO SURFHVV DQG WKH
UHSUHVHQWDWLRQ RI HDFK HOHPHQW RI D FODVV HYROYH ZLWK WKH GHVFULSWLRQ RI WKH FODVV LWVHOI (76 LV D ZRUN LQ
SURJUHVV IUDPHZRUN OLPLWHG E\ WKH ODFN RI QHZPDWKHPDWLFDO LQVWUXPHQWV WR GHDO ZLWK WKH FRPSOH[LW\
RI D VWUXFWXUDO GHVFULSWLRQ
,Q >@ &KD]HOOH SURSRVHV D QHZ YLVLRQ WR GHDO ZLWK SKHQRPHQD DULVLQJ IURP OLIH VFLHQFHV VWDWLQJ
WKDW PHDQV XVHG LQ SK\VLFDO VFLHQFH DUH QRW DGHTXDWH $FFRUGLQJ WR KLV ZRUN DOJRULWKPV DUH PRUH
VXLWDEOH IRU WKHVH SXUSRVHV GXH WR WKHLU ULFK DQG H[SUHVVLYH ODQJXDJH 0RUHRYHU WKH DXWKRU FODLPV WKDW
VRPH SUREOHPV FDQ WDNH DQ HQRUPRXV DGYDQWDJH IURP WKH QRYHOWLHV LQWURGXFHG E\ D QHZ SHUVSHFWLYH
WDNLQJ LQWR DFFRXQW WKH SHFXOLDULWLHV RI FRPSOH[ QRQ SK\VLFDO V\VWHPV ,Q WKH FDVH RI VHQVRU\ GDWD XVHG
WR LQYHVWLJDWH DQGSUHGLFW KXPDQKDELWV DQGEHKDYLRXU WKH FRPSOH[LW\ LV YHU\ KLJK EHFDXVH RI WKH KLJK
QXPEHU RI YDULDEOHV WR LQFOXGH LQ WKHPRGHO &KD]HOOH LQWURGXFHV WKHQDWXUDO DOJRULWKPV WRPRGHO WKHVH
V\VWHPV 7KLV DSSURDFK UHOLHV RQ WKH VRFDOOHG LQ؁XHQFH V\VWHPV LH QHWZRUNV RI DJHQWV WKDW SHUSHWXDOO\
UHZLUH WKHPVHOYHV 7KHVH QHWZRUNV DUH VSHFLஹ஭HG E\ WZR IXQFWLRQV ց DQGը WKH IXQFWLRQ ց FDOFXODWHV
WKH SRVLWLRQ RI DQ DJHQW WDNLQJ DV LQSXW WKH ORFDWLRQ RI LWV QHLJKERXU DJHQW JLYHQ E\ IXQFWLRQ ը
7KH RXWSXW RIը LV IXQFWLRQ RI WKH VWDWH RI WKH ZKROH V\VWHP WKDW LV WKH SRVLWLRQ RI DOO DJHQWV ,Q WKLV
DSSURDFK LW LV SRVVLEOH WR QRWH KRZ WKH LQIRUPDWLRQ WUDYHOV WKURXJK WKH V\VWHP LQ DZD\ WKDW VHSDUDWHV
LWV V\QWDFWLF RU VWUXFWXUDO FRPSRQHQW DQG LWV VHPDQWLF ,Q RWKHU ZRUGV WKLV PHWKRG PRGHOV FRPSOH[
V\VWHPV H[SORLWLQJ HTXDOO\ TXDOLWDWLYH DQG VWUXFWXUDO LQIRUPDWLRQ
 0ৣ২ঢ়৪৕২ঢ়ৣৢ১ ৕ৢ৘ *ৣ৕ৠ১
2QHPDLQ LVVXHPRWLYDWHG WKH ZRUN GHVFULEHG LQ WKLV GLVVHUWDWLRQ KRZ WR KDQGOH WKH KXJH FRPSOH[LW\
LPSOLHG LQ VHQVRU\ GDWD
7KH PDLQ DLP RI D NQRZOHGJH GLVFRYHU\ V\VWHP LV WR ஹ஭QG UHJXODULWLHV LQ GDWD SURGXFHG E\ D SKH
QRPHQRQ LQ RUGHU WR REWDLQ DPRGHO WKDW FDQSUHGLFW IXWXUH GDWD EHORQJLQJ WR WKH VDPHSKHQRPHQRQ

,Q RWKHU ZRUGV WKH PRGHO LV DQ DEVWUDFWLRQ LQ WHUPV RI IHDWXUHV FRPLQJ IURP GDWD 7KHUH DUH PDQ\
ZD\V WR DFKLHYH WKLV JRDO DV WKH SUHYLRXV VHFWLRQ KDV VKRZQ KRZHYHU DOO RI WKHP VKDUH D FRPPRQ
IHDWXUH WKH\ DOO QHHG WKH LQMHFWLRQ RI DQ DPRXQW RI DSULRUL NQRZOHGJH DERXW WKH SKHQRPHQRQ JHQ
HUDWLQJ WKH GDWD
7KLV LV D YHU\ LPSRUWDQW SRLQW LQ WKH GHVLJQ RI D NQRZOHGJHUHODWHG V\VWHP 7KH1R )UHH /XQFK
1)/ WKHRUHP VWDWHV WKDW >@
ǰFPSFN  )RU DOO SRVVLEOH SHUIRUPDQFH PHDVXUH QR VHDUFK DOJRULWKP ॾ EHWWHU WKDQ DQRWKHU ZKHQ LWV
SHUIRUPDQFH ॾ DYHUDJHG RYHU DOO SRVVLEOH GLVFUHWH IXQFWLRQV
,W LV D PRGHUQ YHUVLRQ RI ZKDW +XPH SRLQWHG RXW Ԣ(YHQ DؿHU WKH REVHUYDWLRQ RI WKH IUHTXHQW RU
FRQVWDQW FRQMXQFWLRQ RI REMHFWV ZH KDYH QR UHDVRQ WR GUDZ DQ\ LQIHUHQFH FRQFHUQLQJ DQ\ REMHFW EH\RQG
WKRVH RI ZKLFK ZH KDYH KDG H[SHULHQFHԣ ,QGHHG DOO WKH DOJRULWKPV SHUIRUPZHOO RQ D UDQGRP VHOHFWLRQ
RI D VDPSOH VHW
,Q RWKHU ZRUGV WKHUH LV QRW D VLQJOH EHVW VROXWLRQ VXLWDEOH IRU DOO DSSOLFDWLRQ VFHQDULRV DQG IRU
DOO REVHUYDWLRQV 'XULQJ WKH ODVW \HDUV WKH UHVHDUFK LQ PDFKLQH OHDUQLQJ KDV UDSLGO\ HYROYHG WRZDUGV
XQVXSHUYLVHG PHWKRGV WKDW FDQ EH WXQHG E\ D OLPLWHG VHW RI SDUDPHWHUV JLYLQJ JHQHUDO SXUSRVH DOJR
ULWKP WR FODVVLI\ DQG UHFRJQL]H GDWD 7KXV WKH NQRZOHGJH RI WKH GHVLJQHU VKRXOG EH FRGHG LQ WHUPV RI
IHDWXUH VHOHFWLRQ DQGSDUDPHWHU WXQLQJ LQ RUGHU WR LGHQWLI\ WKH EHVW V\VWHP DFFRUGLQJ WR VRPHPHWULFV
,Q >@ WKH JHQHUDOL]DWLRQ DELOLW\ RI DQ LQIHUHQFH PHWKRG LV GHஹ஭QHG DV
ըր։ր֍ռևք֕ռ֏ք֊։  եռ֏ռ լ։֊֒ևրտւրӴ
SRLQWLQJ RXW WKDW DSULRUL NQRZOHGJH LV HVVHQWLDO IRU WKH DLP RI JHQHUDOL]DWLRQ
,Q WKH VHQVRU\ GDWD VFHQDULR WKLV SURFHVV LV YHU\ FRPSOH[ EHFDXVH RIிHQ D OLWWOH RU QR DSULRUL DV
VXPSWLRQV FDQ EH SRLQWHG RXW DERXW WKH QDWXUH RI WKH GDWD SURGXFHG E\ D SKHQRPHQRQ PRUHRYHU
LW RIிHQ WXUQV RXW WKDW WKH WUDGLWLRQDO DVVXPSWLRQV ZKLFK DUH DW WKH EDVLV RI D SOHWKRUD RI PDFKLQH
OHDUQLQJ DSSURDFKHV DUH IDU IURP EHLQJ SUHVHUYHG LQ WKH FRPSOH[ VFHQDULR RI VHQVRU\ GDWD (YHQ WKH

VHOHFWLRQ RI DQ DGHTXDWH VHW RI IHDWXUHV ZKLFK HஸIHFWLYHO\ GHVFULEHV GDWD LV D YHU\ KDUG WDVN
)RU H[DPSOH LQ WKH QH[W FKDSWHUV WKH DFWLYLW\ UHFRJQLWLRQ SUREOHP IURP VLPSOH VHQVRU UHDGLQJV
ZLOO EH SUHVHQWHG WKLQNLQJ DERXW DQ DSULRUL PRGHO RI DQ DFWLYLW\ LQ WHUPV RI VHQVRU UHDGLQJV VHQVRU
DFWLYDWLRQ LWHP VHQVRU DFWLYDWLRQV QRLVH OHYHO HWF LV FORVH WR LPSRVVLEOH DQG WKH WDVN JHWV ZRUVH LI D
JHQHUDO HQRXJK PRGHO LV UHTXLUHG WKDW LV DEOH WR GHDO ZLWK VOLJKWO\ GLஸIHUHQW VHQVRU VHWV RU FRQஹ஭JXUD
WLRQV
&OHDUO\ WKH EHVW DOJRULWKP FDQ EH FKRVHQ E\ PHDVXULQJ WKH SHUIRUPDQFH RQ WUDLQLQJ GDWD EXW
WKH 1)/ WKHRUHP VWDWHV WKDW ZLWKRXW D UHVWULFWLRQ RQ WKH VHW RI FDQGLGDWHV EDVHG RQ WKH SRVVLEOH
SKHQRPHQRQ H[SHFWHG LW LV SUREDEOH WR RQO\ JHW DQ RYHUஹ஭WWHG DOJRULWKP
+HQFH LQ WKLV WKHVLV WKH QHHG WR NHHS WKH GHVLJQHU LQ WKH ORRS RI NQRZOHGJH H[WUDFWLRQ LV FODLPHG
WKLV LV WUDQVODWHG LQWR WKH GHPDQG IRU PHWKRGV DQG DSSURDFKHV WKDW FDQ GHDO ZLWK KXJH FRPSOH[LW\ LQ
VHQVRU\ GDWD SURYLGLQJ KXPDQ XQGHUVWDQGDEOHPRGHOV WR FRUUHFWO\ HQFRGH WKH XVHIXO DSULRUL NQRZO
HGJH LQWR WKH SURFHVV DQG WR JLYH KDQG\ LQVLJKWV LQWR QDWXUH RI REVHUYHG SKHQRPHQRQ LQ WHUPV RI
UHOHYDQW GDWD IHDWXUHV
0DQ\ DSSURDFKHV KDYH DWWHPSWHG WR GHDO ZLWK WKLV FRPSOH[LW\ ,Q SDUWLFXODU PDQ\ V\VWHPV KDYH
EHHQ SURSRVHG LQ WKH DUHD RI $PELHQW ,QWHOOLJHQFH ZKLFK W\SLFDOO\ GHDOV ZLWK VHQVRU UHDGLQJV DQG
WKHLU LQWHUSUHWDWLRQ )RU H[DPSOH LQ >@ WKH DXWKRUV VXJJHVW D WKUHHWLHU SDUDGLJP IRU NQRZOHGJH
H[WUDFWLRQ ,Q SDUWLFXODU WKLV SDUDGLJP FXWV LUUHOHYDQW GHWDLOV RஸI IURP UDZ VHQVRU UHDGLQJV LQ RUGHU WR
REWDLQ PRUH UHஹ஭QHG GDWD WKDW FDQ EH DQDO\]HG E\ WKH UHDVRQLQJ PRGXOH DW WKH WRS RI WKLV SURFHVVLQJ
KLHUDUFK\ 0HWKRGRORJLHV ERUURZHG IURP 6WDWLVWLFDO /HDUQLQJ 7KHRU\ DUH XVHG LQ >@ WR FRSH ZLWK
WKH FRPSOH[LW\ RI ODUJH VHQVRU UHDGLQJ GDWDVHW $FFRUGLQJ WR WKH DXWKRUV XVHU KDELWV DUH FRGHG LQWR
VHQVRU UHDGLQJV WKXV WKH\ FDQ EH LQIHUUHG E\ DQDO\]LQJ VHQVRU\ GDWD DQG GLVFRYHULQJ UHODWLRQV EHWZHHQ
HQYLURQPHQWDO FRQGLWLRQV DQG XVHU
,Q WKLV WKHVLV DQ DSSURDFK VLPLODU WR NQRZOHGJH H[WUDFWLRQ LV SURSRVHG EXW IRFXVLQJPDLQO\ RQ WKH
VWUXFWXUH RI NQRZOHGJH LWVHOI +LHUDUFKLFDO RU UHFXUVLYH PRGHOV RI NQRZOHGJH FDQ EH WKH NH\ WR KDQGOH
WKH LVVXH SUHYLRXVO\ SUHVHQWHG GXH WR WKHLU GLYLGHHWLPSHUD DSSURDFK DEOH WR OLPLW WKH FRPSOH[LW\ DW

HDFK OHYHO RI UHSUHVHQWDWLRQ
8QGRXEWHGO\ WKLV JRDO LV YHU\ FKDOOHQJLQJ DQGPDQ\ LVVXHV DUH WR EH DGGUHVVHG VRPH RI WKRVH DUH
UHODWHG WR WKHRUHWLFDO RSHQ LVVXHV LQ FRPSXWHU VFLHQFH VR LW LV LPSRVVLEOH WR NQRZQ LI WKH\ DUH SUDFWLFDOO\
VROYDEOH 7KH EDVLF LGHD LV WKDW GDWD FROOHFWHG IURP VHQVRUV VKDUH DQ XQGHUO\LQJ ODQJXDJH LH LW FDQ
EH FRQVLGHUHG DV JHQHUDWHG E\ D SDUWLFXODU ODQJXDJH GHVFULELQJ VRPH SKHQRPHQD 6LPLODUO\ WR ZKDW
GHVFULEHG LQ >@ LW FDQ EH DVVXPHG WKDW GDWD DUH GUDZQ IURP D SURFHVV WKDW FDQ EHPRGHOHG E\ D7XULQJ
0DFKLQH 70 7KLV PHDQV DFFRUGLQJ WR &KRPVN\ WKDW WKHUH LV D ODQJXDJH WKDW FDQ GHVFULEH VXFK
GDWD /LNHO\ WKLV ODQJXDJH LV YHU\ FRPSOH[ DQGPRUHRYHU GDWD LV FRUUXSWHG E\ QRLVH VR UHFRQVWUXFWLQJ
WKH RULJLQDO ODQJXDJH IURP GDWD LV D YHU\ FKDOOHQJLQJ WDVN
7KH SURSRVHG IUDPHZRUN LV LQVSLUHG WR V\VWHPV WKDW H[WUDFW NQRZOHGJH IURP WH[W FRUSRUD 2E
YLRXVO\ VHYHUDO FKDQJHV KDYH WR EH GRQH LQ RUGHU WR DGDSW WKHVH DSSURDFKHV WR WKH FRQWH[W RI VHQVRU\
GDWD +RZHYHU WKH JHQHUDO VWUXFWXUH RI WKH SURFHVV UHPDLQV WKH VDPH 7KH IUDPHZRUN SUHVHQWHG LQ
WKLV WKHVLV LV FRPSRVHG E\ IRXU VWHSV
 LQGLYLGXDWLQJ D VHW RI EDVLF SURSHUWLHV D[LRPV DQG IHDWXUHV WR GLVFRYHU\ VLJQLஹ஭FDQW SDWWHUQV
 GLVFRYHU\ RI UHOHYDQW HOHPHQWDU\ SDWWHUQV DV WHUPLQRORJ\
 DEVWUDFWLRQ RI SDWWHUQV DV FRQFHSWV
 LQIHUULQJ KLHUDUFKLFDO FRQFHSW RUJDQLVDWLRQ
4FUUJOH BYJPNT ,Q WKH ஹ஭UVW VWHS WKH NH\ HOHPHQWV RI WKH KLHUDUFK\ DUH GHஹ஭QHG LW LV WKH RQO\ SKDVH
RI WKH V\VWHP WKDW UHTXLUHV KXPDQ LQWHUYHQWLRQ 7KH DQDO\VW KDV WR VSHFLI\ D GHVFULSWLRQ RI
WKH JRDO FRQFHSWV LQ WHUPV RI JHQHUDO SURSHUWLHV OLNH WLPH VSDFH RU RWKHU YHU\ JHQHUDO IHDWXUHV
7KH PDLQ GLஸIHUHQFH IURP RWKHUV DSSURDFKHV LV KRZ WKHVH IHDWXUHV DUH GHVFULEHG )RU H[DP
SOH FRQVLGHU WKH XVHU DFWLYLW\ UHFRJQLWLRQ WDVN $ XVHU DFWLYLW\ PD\ EH GHஹ஭QHG DV D UHFXUUHQW
VHTXHQFH RI DFWLRQV WKDW FDQ EH UHFXUVLYH GHFRPSRVHG LQ VLPSOHU VXEWDVNV 7ZR DSSURDFKHV FDQ
WUDQVODWH WKLV GHஹ஭QLWLRQ LQ IHDWXUHV RQ GDWD WKH GHGXFWLYH DQG WKH LQGXFWLYH RQH $FFRUGLQJ WR
WKH GHGXFWLYH DSSURDFK WKH GHஹ஭QLWLRQ LV WUDQVIRUPHG LQWR DQ DEVWUDFW DQG JHQHUDO PRGHO WKDW

K\SRWKHVLVHV VHQVRU UHDGLQJ LQWHUDFWLRQV WKDW LGHQWLI\ H[HFXWLRQV RI WKH VDPH DFWLYLW\ ,Q WKH
LQGXFWLYH DSSURDFK WKH DQDO\VW WUDQVODWHV WKH GHஹ஭QLWLRQ LQ WHUPV RI SURSHUWLHV WKH VHQVRUV FDQ
PHDVXUH VXFK DV WLPH GXUDWLRQ VR DQ DFWLYLW\ LV WUHDWHG DV D UHFXUUHQW SDWWHUQ LQ GDWD ZKRVH
LQVWDQFHV KDYH VLPLODU VWUXFWXUHV DQG WLPH GXUDWLRQV 1R DWWHPSWV DW JHQHUDWLQJ D JHQHUDO DF
WLYLW\ PRGHO DUH PDGH EXW WKH PRGHO ZLOO HPHUJH IURP GDWD 7KH IHDWXUH VHOHFWLRQ GHSHQGV RQ
WKH H[SHULHQFH RI WKH DQDO\VW EXW LW LV D VLPSOHU WDVN WKDQ WKH RWKHU DSSURDFKHV 0RUHRYHU LW LV
OHVV SURQH WR HUURU DQG D[LRPV FKRVHQ FDQ EH VLPSOHU FKHFNHG
%JTDPWFSJOH UFSNJOPMPHZ 7KH VHFRQG VWHS IDFHV WKH SUREOHP RI ஹ஭QGLQJ GDWD ZLWK WKH SURSHUWLHV
GHஹ஭QHG DW WKH SUHYLRXV VWHS 6HYHUDO WHFKQLTXHV FDQ DLG WKHPRVW VLJQLஹ஭FDQW SDWWHUQV WR HPHUJH
LGHQWLI\LQJ WKH EDVLF OHYHO RI WKH KLHUDUFK\ ZLWK WKH VPDOOHVW EXW PRUH UHFXUUHQW SDWWHUQV LQ
VHQVRU\ GDWD $SULRUL EDVHG DOJRULWKPV DUH DQ H[DPSOH RI WKHVH WHFKQLTXHV
$V DQ DOWHUQDWLYH WKLV VWHS FDQ EH FRQVLGHUHG DV D GDWD IXVLRQ LH WKH V\VWHP DVVRFLDWHV GDWD
FRPLQJ IURP GLஸIHUHQW VRXUFH DQG RI GLஸIHUHQW W\SHV ,W LV D YHU\ FRPPRQ DSSURDFK HJ >@
>@ DQG LW LV XVHIXO WR SURFHVV GDWD LQ D PXOWLVHQVRU FRQWH[W LQ RUGHU WR H[SORLW UHODWLRQV
EHWZHHQ GLஸIHUHQW VHQVRU WULJJHUV
1BUUFSO BCTUSBDUJPO 3DWWHUQ DEVWUDFWLRQ DOORZV WR REWDLQ D JHQHUDOL]DWLRQ IURP WKH LQVWDQFHV RI SDW
WHUQV SUHVHQW LQ GDWD 7KH V\VWHP DGGUHVVHV WKH SUREOHP RI V\QRQ\PV JURXSLQJ VLPLODU LQ
VWDQFHV RI WKH VDPH SDWWHUQV $W WKH HQG RI WKLV VWHS WKH V\VWHP ZLOO EH DEOH WR DVVRFLDWH D
PRGHO WR HDFK SDWWHUQ DQG D FODVVLஹ஭HU FDQ EH WUDLQHG WR UHFRJQL]H LW
*OGFSSJOH DPODFQU IJFSBSDIZ ,Q WKLV VWHS WKH V\VWHP ஹ஭QGV UHFXUUHQW WHUPLQRORJ\ VWUXFWXUHV 6HY
HUDO PHWKRGV FDQ EH DSSOLHG WR UHFRYHU WKH VWUXFWXUH EHKLQG GDWD ,Q WKLV WKHVLV UHODWLRQVKLSV
KDYH EHHQ PRGHOHG WKURXJK0DUNRYLDQ PRGHOV RU ZLWK WKH XVH RI JUDPPDUV

 &ৣৢ২০ঢ়৖৩২ঢ়ৣৢ১
7KH KLHUDUFK\ SUHVHQWHG LQ WKH SUHYLRXV VHFWLRQ KDV EHHQ LPSOHPHQWHG ZLWK WKUHH GLஸIHUHQW DS
SURDFKHV LQ WKH FRQWH[W RI GLஸIHUHQW DSSOLFDWLRQ VFHQDULRV UHSUHVHQWLQJ YHU\ FRPPRQ JRDOV LQ NQRZO
HGJH GLVFRYHU\ IURP VHQVRU\ GDWD QDPHO\ DFWLYLW\ UHFRJQLWLRQ HQHUJ\ GHPDQG RSWLPL]DWLRQ DQGPR
ELOLW\ PRGHO H[WUDFWLRQ 7KH VHOHFWHG DSSOLFDWLRQ VFHQDULRV VKDUH VRPH FRPPRQV IHDWXUHV DQG LVVXHV
VXFK DV KHWHURJHQHLW\ LQ GDWD DQG ODUJH DPRXQW RI UDZ VHQVRU UHDGLQJV
7KH PDLQ FRQWULEXWLRQV SUHVHQWHG LQ WKLV GLVVHUWDWLRQ FDQ EH VXPPDUL]HG DV IROORZV
ت &KDSWHU  GHVFULEHV KRZ WKH IUDPHZRUN FDQ EH DSSOLHG XVLQJ WRROV E\ 6WDWLVWLFDO /HDUQLQJ LQ
RWKHU ZRUGV WKH LGHQWLஹ஭FDWLRQ DQG UHSUHVHQWDWLRQ RI WKH HOHPHQWV RI WKH SURSRVHG DSSURDFK
DUH FDUULHG RXW WKURXJK DOJRULWKPV EHORQJLQJ WR WKH 6WDWLVWLFDO0DFKLQH /HDUQLQJ 7KH FKDSWHU
GHVFULEHV D V\VWHP IRU UHFRJQL]LQJ KXPDQ DFWLYLWLHV E\ H[SORLWLQJ WKH LQIRUPDWLRQ HQFRPSDVVHG
LQ GHSWK LPDJHV DFTXLUHG E\ WKH .LQHFW VHQVRU $FWLYLWLHV DUH PRGHOHG DV VHQWHQFHV EXLOW XS
IURP D SRVWXUH YRFDEXODU\ H[WUDFWHG E\ FODVVLFDO 0DFKLQH /HDUQLQJ DOJRULWKPV ,Q SDUWLFXODU
D FOXVWHULQJ DOJRULWKP LV XVHG WR KLJKOLJKWPDLQ SRVWXUHV UHYHDOHG E\ WKH GHSWKPDSV DQG D FODV
VLஹ஭HU LV HPSOR\HG WR JHQHUDOL]H WKH PRGHOV SURYLGHG E\ FOXVWHULQJ 7KH VWUXFWXUH RI DQ DFWLRQ
LV HQFRGHG E\ D SUREDELOLVWLF PRGHO WKDW FRQVLGHUV WKH VHTXHQFH RI SRVWXUHV LQ WKH DFWLRQ
ت ,Q&KDSWHU  VWUXFWXUDO NQRZOHGJH H[WUDFWLRQ LV KDQGOHG E\PHDQV RI D V\QWDFWLF DSSURDFK WKDW
WDNHV DGYDQWDJHV RI FODVVLFDO WRROV RI 'DWD0LQLQJ DQG0DFKLQH /HDUQLQJ WR UHFRYHU WKH KLGGHQ
VWUXFWXUH EHKLQG WKH UDZ GDWD 7KH GHVLJQ DQG LPSOHPHQWDWLRQ RI D V\VWHP IRU HQHUJ\ GHPDQG
RSWLPL]DWLRQ WDNLQJ DGYDQWDJH RI WKH SUHGLFWLRQ RI XVHU DFWLYLWLHV LV SUHVHQWHG 7KH DSSOLFDWLRQ
VFHQDULR LV WKDW RI DFWLYLW\ GLVFRYHU\ DQG UHFRJQLWLRQ LQ VPDUW KRPHV XVLQJ D SHUYDVLYH VHQVRU
QHWZRUN PDGH XS E\ YHU\ VLPSOH VHQVRUV $ VSHFLஹ஭F ODQJXDJH ZDV GHYLVHG WR GHVFULEH DFWLYLWLHV
DQG LWVPDLQ FRQVWLWXHQWV HPHUJH GLUHFWO\ IURP GDWD ZLWKRXW DQ\ SUHGHஹ஭QHGPRGHO H[SORLWLQJ
UHFXUVLYH QDWXUH RI DFWLYLWLHV 7KHPDLQ LGHD LV WKDW GHVSLWH WKLV YDULDEOHQHVV D UHVLOLHQW UHFXUVLYH
VWUXFWXUH SHUVLVWV HYHQ LI DQ DFWLYLW\ LV FDUULHG RXW IURPGLஸIHUHQW VXEMHFWV $OJRULWKPV ERUURZHG

IURP GDWD PLQLQJ DUH XVHG WR UHFRYHU WKLV KLGGHQ VWUXFWXUH
ت &KDSWHU  RXWOLQHV KRZ JUDPPDWLFDO LQIHUHQFH FDQ EH XVHG WR DFFRPSOLVK WKH WDVN RI VWUXF
WXUDO NQRZOHGJH H[WUDFWLRQ FRPSOHWHO\ H[SORLWLQJ WKH UHFXUVLYH QDWXUH KLQGHUHG LQ GDWD ,Q
WKLV FKDSWHU D V\VWHP IRU H[WUDFWLQJ XVHU PRELOLW\ PRGHOV IURP ஹ஭QHJUDLQHG ORFDOL]DWLRQ GDWD LV
SUHVHQWHG 7KH V\VWHP LV EDVHG RQ WKH LGHD RI UHSUHVHQWLQJ XVHU PRELOLW\ PRGHOV ZLWK WKH XVH
RI IRUPDO ODQJXDJHV OHWWLQJ PRGHOV WKHPVHOYHV HPHUJH IURP GDWD DQG REWDLQLQJ DQ DFWXDO ODQ
JXDJH GHVFULELQJ XVHU PRELOLW\ KDELWV DQG EHKDYLRXU DW GLஸIHUHQW VFDOHV ,Q SDUWLFXODU D VHW RI
UHJXODU ODQJXDJHV DUH LQIHUUHG IURP UDZ GDWD RQH IRU HDFK OHYHO RI VSDWLDO JUDQXODULW\ FRYHULQJ
GLஸIHUHQW OHYHOV RI PRELOLW\ EHKDYLRU IURP QHLJKERUKRRG WR ZLGHDUHD SDWKV
7KHUH LV DQ LQFUHDVLQJ OHYHO RI GLஸஹ஭FXOW\ LQ WKH DQDO\VLV RI GDWD RI WKH WKUHH VFHQDULRV 7KH ஹ஭UVW
RQH FDQ EH FRQVLGHUHG DV D PDVVLYH GDWD VFHQDULR EXW WKH QDWXUH RI GDWD LV VLPSOHU WR XQGHUVWDQG WKXV
IHDWXUH H[WUDFWLRQ LV HDVLHU WKDQ LQ WKH IROORZLQJ DSSOLFDWLRQV 3RVWXUHV DUH D YHU\ HஸIHFWLYH DQG LQWXLWLYH
PRGHO WR H[SUHVV DFWLRQV VR WKH PRGHOV FRPLQJ IURP WKLV UHSUHVHQWDWLRQ FDQ EH HDVLHU WR EXLOG
7KH VHFRQG DSSOLFDWLRQ LV VWULFWO\ WLHG ZLWK WKH XQVWUXFWXUHG UHSUHVHQWDWLRQ RI UDZ GDWD ,Q WKLV
DSSOLFDWLRQ UHODWLRQVKLSV HPEHGGHG LQ GDWD DUH YHU\ FRXQWHULQWXLWLYH WKXV WKH KLHUDUFKLFDO DSSURDFK
DOORZV WR GHFRPSRVH WKH SUREOHP RI DFWLYLW\ PRGHOV LQWR VLPSOHU RQHV WKDW FDQ EH VROYHG E\ PLQLQJ
IUHTXHQW SDWKV LQWR GDWD
7KH WKLUG DSSOLFDWLRQ LV YHU\ KDUG WR VROYH GXH WR WKH TXDQWLW\ RI GDWD 7KH GDWDVHW XVHG LV FRQ
VLGHUHG D ELJ GDWD VRXUFH WKXV WUDGLWLRQDO DOJRULWKPV FDQ QRW EH DSSOLHG LQ RUGHU WR PLQH UHOHYDQW
SDWWHUQV 7KXV WKH SURSRVHG PXOWLVFDOH UHSUHVHQWDWLRQ LV DQ HஸIHFWLYH ZD\ WR REWDLQ VRPH LQVLJKWV
UHJDUGLQJ WKH PDLQ GDWD IHDWXUHV
 3৩৖ৠঢ়ৗ৕২ঢ়ৣৢ১
6HYHUDO SDUWV RI WKLV GLVVHUWDWLRQ KDYH EHHQ SXEOLVKHG LQ YDULRXV UHIHUUHG FRQIHUHQFH SURFHHGLQJV MRXU
QDOV DQG ERRN FKDSWHUV

-ৣ৩০ৢ৕ৠ ৕০২ঢ়ৗৠ৙১
o 3&RWWRQH 6*DJOLR * /R5H DQG02UWRODQL إ$PDFKLQH OHDUQLQJ DSSURDFK IRU XVHU
ORFDOL]DWLRQ H[SORLWLQJ FRQQHFWLYLW\ GDWDئ (QJLQHHULQJ $SSOLFDWLRQV RI $UWL؀FLDO ,QWHOOL
JHQFH  DFFHSWHG IRU SXEOLFDWLRQ
o 3 &RWWRQH 6 *DJOLR * /R 5H DQG0 2UWRODQL إ8VHU DFWLYLW\ UHFRJQLWLRQ IRU HQHUJ\
VDYLQJ LQ VPDUW KRPHVئ 3HUYDVLYH DQG 0RELOH &RPSXWLQJ YRO  3DUW $ SS ؞
 ৘ৣঢ় ͟͠΀ͥ͟͠͠ζ%΀+(%΀ͣ͟͡͠΀ͧ͟΀ͥ͟͟
%ৣৣয় ৗড়৕৤২৙০১
o 3 &RWWRQH 6 *DJOLR DQG 0 2UWRODQL إ$ VWUXFWXUDO DSSURDFK WR LQIHU UHFXUUHQW UH
ODWLRQV LQ GDWDئ LQ $GYDQFॽ RQWR WKH ,QWHUQHW RI 7KLQJV VHU $GYDQFHV LQ ,QWHOOLJHQW
6\VWHPV DQG &RPSXWLQJ 6 *DJOLR DQG * /R 5H (GV YRO  6SULQJHU ,QWHUQDWLRQDO
3XEOLVKLQJ  SS ؞ ৘ৣঢ় ͟͠΀ͦ͟͟͠ζͨͦͧΖ͢Ζͨ͢͠Ζͨͨ͟͢͡Ζ͢άͧ
&ৣৢ৚৙০৙ৢৗ৙ ৤০ৣৗ৙৙৘ঢ়ৢ৛১
o 3 &RWWRQH * 0DLGD DQG 0 0RUDQD إ8VHU DFWLYLW\ UHFRJQLWLRQ YLD .LQHFW LQ DQ DP
ELHQW LQWHOOLJHQFH VFHQDULRئ ,QWHUQDWLRQDO &RQIHUHQFH RQ $SSOLHG &RPSXWLQJ &RP
SXWHU 6FLHQFH DQG &RPSXWHU (QJLQHHULQJ ,&$&&  YRO   SS ؞ ৘ৣঢ়
͟͠΀ͥ͟͠͠ζ%΀$ -$΀ͣ͟͡͠΀ͧ͟΀ͨ͟͟
o 3 &RWWRQH 6 *DJOLR * /R 5H DQG0 2UWRODQL إ8VHU DFWLYLW\ UHFRJQLWLRQ IRU HQHUJ\
VDYLQJ LQ VPDUW KRPHVئ LQ 6XVWDLQDEOH ,QWHUQHW DQG ,&7 IRU 6XVWDLQDELOLW\ 6XVWDLQ,7
  SS ؞ ৘ৣঢ় ͟͠΀ͨ͟͠͠ζ0./$)
΀͟͢͡͠΀ͥͥͧͤͨͥ͠
o 3 &RWWRQH * /R 5H * 0DLGD DQG 0 0RUDQD إ0RWLRQ VHQVRUV IRU DFWLYLW\ UHFRJQL
WLRQ LQ DQ DPELHQWLQWHOOLJHQFH VFHQDULRئ LQ ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ 3HUYDVLYH

&RPSXWLQJ DQG &RPPXQLFDWLRQV:RUNVKRSV 3(5&20:RUNVKRSV  SS ؞
৘ৣঢ় ͟͠΀ͨ͟͠͠ζ -*(΀͟͢͡͠΀ͥͤͨͤͦ͢͡
7৕ৠয়১
o 3 &RWWRQH 6 *DJOLR DQG0 2UWRODQL *UDPPDWLFDO LQIHUHQFH IRU VWUXFWXUDO NQRZOHGJH
H[WUDFWLRQ 7DON SUHVHQWHG DW WKH WK ,WDOLDQ :RUNVKRS RQ 0DFKLQH /HDUQLQJ DQG 'DWD
0LQLQJ 0/'0LW 3DOHUPR 6HS 
o 3 &RWWRQH 6 *DJOLR DQG02UWRODQL([SORLWLQJ PRELOLW\ PRGHOV IRU VXVWDLQDEOH XUEDQ
WUDQVSRUWDWLRQ 7DON SUHVHQWHG DW ,஡&L7LHV   &,1, $QQXDO :RUNVKRS RQ ,&7 IRU
6PDUW &LWLHV 	 &RPPXQLWLHV )HUUDUD 2FW 

&RPSXWHUV DUH XVHOHVV 7KH\ FDQ RQO\ JLYH \RX DQVZHUV
3DEOR 3LFDVVR
2
6WDWLVWLFDO /HDUQLQJ IRU $FWLYLW\
5HFRJQLWLRQ E\ 3RVWXUHV
.ৢৣ৫ৠ৙৘৛৙ ৙৬২০৕ৗ২ঢ়ৣৢ৪ঢ়৕ 6২৕২ঢ়১২ঢ়ৗ৕ৠ/৙৕০ৢঢ়ৢ৛ LV WKHPDLQ WRSLF RI WKLV FKDSWHU ,Q SDUWLF
XODU LW LV VKRZQ KRZ 6WDWLVWLFDO /HDUQLQJ FDQ EH XVHG LQ RUGHU WR LGHQWLI\ WKHPRVW LPSRUWDQW UHODWLRQV
HPEHGGHG LQ WKH UDZ GDWD DQG WKHQ WR PRGHO WKHP
7KH FKRVHQ DSSOLFDWLRQ VFHQDULR LV WKH SUREOHP RI KXPDQ DFWLYLWLHV UHFRJQLWLRQ E\ H[SORLWLQJ
GHSWK LPDJHV SURYLGHG E\0LFURVRIி .LQHFW VHQVRU >@
6HYHUDO LVVXHV KDYH WR EH VROYHG LQ RUGHU WR JHW D UHOLDEOH V\VWHP
ت DFWLYLW\ PRGHOV VKRXOG EH LQYDULDQW WR SHRSOHأV GLஸIHUHQW IHDWXUHV KHLJKW VLOKRXHWWH HWF

ت DFWLYLWLHV FDQ EH SHUIRUPHG DW GLஸIHUHQW VSHHGV
ت D FRPSUHKHQVLYH DQG UHSUHVHQWDWLYH VHW RI SUHGHஹ஭QHG PRGHOV FDQ KDUGO\ EH FUHDWHG RQO\ IURP
DSULRUL LQIRUPDWLRQ
,Q WKLV FKDSWHU LW LV VKRZQ WKDW DFWLYLWLHV FDQ EH PRGHOHG DV VHQWHQFHV EXLOW XS IURP D SRVWXUH
YRFDEXODU\ 7KH PDLQ LGHD LV WR OHW WKLV YRFDEXODU\ HPHUJH GLUHFWO\ IURP GDWD ZLWKRXW DQ\ SUHGHஹ஭QHG
PRGHO 3RVWXUHV DUH REWDLQHG DV WKH PRVW IUHTXHQW FRQஹ஭JXUDWLRQV RI WKH PDLQ MRLQWV RI WKH KXPDQ
VNHOHWRQ
,Q RUGHU WR SUHVHUYH WKH SHUYDVLYHQHVV RI WKH V\VWHP WKH PRWLRQ GHWHFWLRQ VHQVRU SURYLGHG E\
.LQHFW LV FRKHUHQWO\ FRQQHFWHG WR D PLQLDWXUH IDQOHVV FRPSXWHU ZLWK UHGXFHG FRPSXWDWLRQ FDSDELOL
WLHV
 +৩ৡ৕ৢ ৕ৗ২ঢ়ৣৢ ০৙ৗৣ৛ৢঢ়২ঢ়ৣৢ
'XULQJ WKH ODVW \HDUV WKH LVVXH RI KXPDQ DFWLRQ UHFRJQLWLRQ KDV EHHQ DGGUHVVHG LQ VHYHUDO ZRUNV
,Q >@ WKH DXWKRUV XVH D VHW RI ELQDU\ VLOKRXHWWHV DV LQSXW RI D IUDPHZRUN EDVHG RQ +LGGHQ
0DUNRY0RGHO +00 $Q DFWLYLW\ LV GHVFULEHG DV D VHTXHQFH RI WKH SRVHV RI WKH SHUVRQ 7KH VLOKRX
HWWHV DUH H[WUDFWHG IURP YLGHR LPDJHV WKXV WKLV PHWKRG ODFNV RI ஺ாH[LELOLW\ VLQFH LW UHTXLUHV D QXPEHU
RI LPDJH SURFHVVLQJ VWHSV HJ EDFNJURXQG UHPRYDO YHFWRU TXDQWL]DWLRQ LPDJH QRUPDOL]DWLRQ
7ZR GLஸIHUHQW UHFRJQLWLRQ V\VWHPV EDVHG RQ 6LOKRXHWWH IHDWXUHV DQG 'LVFUHWH +LGGHQ 0DUNRY
0RGHO '+00 DUH SUHVHQWHG LQ >@ >@ 7KH DXWKRUV RI >@ XVH )RXULHU VKDSH GHVFULSWRUV ZKLOH
LQ >@ WKH IHDWXUHV DUH REWDLQHG E\ FRPELQLQJ 5*% DQG GHSWK LQIRUPDWLRQ ,Q ERWK ZRUNV IHDWXUHV
FODVVLஹ஭FDWLRQ LV SHUIRUPHG E\ 690 DQG WKH FODVVLஹ஭HG SRVWXUHV DUH FRQVLGHUHG DV WKH GLVFUHWH V\PEROV
HPLWWHG IURP WKH KLGGHQ VWDWHV
6HYHUDOZRUNV >@ >@ DGGUHVV WKH SUREOHPRI DFWLYLW\ UHFRJQLWLRQE\XVLQJ LQWUXVLYH VHQVRUV HJ
ZHDUDEOH VHQVRUV 7KH UHOHDVH RI WKH .LQHFW VHQVRU DOORZHG UHVHDUFKHUV WR SHUIRUP DFWLYLW\ UHFRJQLWLRQ
LQ D XQREWUXVLYH ZD\ LH E\ XVLQJ GHSWK DQG 5*% LQIRUPDWLRQ

)LJXUH  .LQHFW FRPSRQHQWV
,Q >@ VDOLHQW SRVWXUHV DUH FKDUDFWHUL]HG DV D EDJ RI 'SRLQWV REWDLQHG IURP WKH GHSWKPDS 6XFK
SRVWXUHV UHSUHVHQW WKH QRGHV LQ DQ DFWLYLW\ JUDSK WKDW LV XVHG WR PRGHO WKH G\QDPLFV RI WKH DFWLYLWLHV
$PRGHO IRU KXPDQ DFWLRQV FDOOHG$FWLRQOHW (QVHPEOH0RGHO LV SUHVHQWHG LQ >@ +XPDQ ERGLHV
DUH FRQVLGHUHG DV D ODUJH QXPEHU RI NLQHPDWLF MRLQWV DQG DFWLRQV DUH FKDUDFWHUL]HG E\ WKH LQWHUDFWLRQ RI
D VXEVHW RI WKHVH MRLQWV 7KH DXWKRUV LQWURGXFHG WKH FRQFHSW RI $FWLRQOHW DV D SDUWLFXODU FRQMXQFWLRQ
RI WKH IHDWXUHV IRU D VXEVHW RI MRLQWV $V WKHUH LV DQ HQRUPRXV QXPEHU RI SRVVLEOH $FWLRQOHWV D GDWD
PLQLQJ DSSURDFK LV DSSOLHG WR GLVFRYHU WKH GLVFULPLQDWLYH $FWLRQOHWV 7KHQ DQ DFWLRQ LV UHSUHVHQWHG DV
DQ $FWLRQOHW (QVHPEOH ZKLFK LV D OLQHDU FRPELQDWLRQ RI WKH $FWLRQOHWV
$ VXSHUYLVHG DOJRULWKP WKDW XVH D GLFWLRQDU\ RI ODEHOHG KDQG JHVWXUHV LV SUHVHQWHG LQ >@ 7KH
DXWKRUV XVH.LQHFW 6'. WR H[WUDFW D VHTXHQFH RI VNHOHWRQPRGHO SDUDPHWHUV WKDW UHSUHVHQWV WKH IHDWXUH
VSDFH 7KH FRYDULDQFH PDWUL[ RI WKLV VSDFH LV XVHG WR GLVFULPLQDWH WKH JHVWXUHV DQG DFWLRQ UHFRJQLWLRQ
LV SHUIRUPHG E\ D1HDUHVW 1HLJKERXU 11 FODVVLஹ஭HU
$ KLVWRJUDP EDVHG UHSUHVHQWDWLRQ RI KXPDQ SRVWXUHV LV SUHVHQWHG LQ >@ ,Q WKLV UHSUHVHQWDWLRQ
WKH ' VSDFH LV SDUWLWLRQHG LQWR։ ELQV XVLQJ D VSKHULFDO FRRUGLQDWH V\VWHP 7KH DXWKRUV EXLOW D PRGHO
RI KXPDQ SRVWXUHV RQ  VHOHFWHG MRLQWV (DFK MRLQW SRVLWLRQ EHORQJV WR D ELQ ZLWK D FHUWDLQ OHYHO RI
XQFHUWDLQW\ 7KH VHW RI WKH YHFWRUV IURP WKH WUDLQLQJ VHTXHQFHV DUH UHSURMHFWHG XVLQJ /LQHDU 'LVFULP
LQDQW $QDO\Vॾ /'$ DQG FOXVWHUHG LQWR D .SRVWXUHV YRFDEXODU\ 7KH DFWLYLWLHV DUH UHSUHVHQWHG DV










)LJXUH  $FWLYLW\ UHFRJQLWLRQ YLD GHSWK LPDJHV DQ RYHUYLHZ RI WKH ZKROH V\VWHP
 $ৗ২ঢ়৪ঢ়২৭ ০৙ৗৣ৛ৢঢ়২ঢ়ৣৢ ৪ঢ়৕ ৘৙৤২ড় ঢ়ৡ৕৛৙১
$FFRUGLQJ WR WKH FRQVLGHUHG VFHQDULR .LQHFW UHSUHVHQWV WKHPRVW VXLWDEOH GHYLFH ERWK LQ WHUPV RI FRVW
DQG IXQFWLRQDOLWLHV VLQFH LW LV HTXLSSHG ZLWK WHQ LQSXWRXWSXW FRPSRQHQWV VHH )LJ  WKDW PDNH LW
SRVVLEOH WR VHQVH WKH XVHUV DQG WKHLU LQWHUDFWLRQ ZLWK WKH VXUURXQGLQJ HQYLURQPHQW >@ 7KH .LQHFW
VHQVRU UHVWV XSRQ D EDVH ZKLFK FRQWDLQV D PRWRU )LJ " WKDW DOORZV IRU FRQWUROOLQJ WKH WLOW DQJOH
RI WKH FDPHUDV  GHJUHHV XS RU GRZQ 7KUHH DGMDFHQW PLFURSKRQHV DUH SODFHG RQ WKH ERWWRP RI
WKH GHYLFH LQ WKH ULJKW VLGH )LJ $%& ZKLOH D IRXUWK PLFURSKRQH LV SRVLWLRQHG RQ WKH OHIி VLGH
)LJ # $  D[LV DFFHOHURPHWHU )LJ ' FDQ EH XVHG IRU PHDVXULQJ WKH SRVLWLRQ RI WKH VHQVRU
ZKLOH D OHG LQGLFDWRU )LJ ( VKRZV LWV VWDWH +RZHYHU WKH FRUH RI WKH .LQHFW LV UHSUHVHQWHG E\ WKH
YLVLRQ V\VWHP FRPSRVHG RI DQ5*% FDPHUD )LJ ) ZLWK 9*$ VWDQGDUG UHVROXWLRQ LH [
SL[HOV DQ ,5 )LJ * SURMHFWRU WKDW VKLQHV D JULG RI LQIUDUHG GRWV RYHU WKH VFHQH DQ ,5 )LJ +
FDPHUD WKDW FDSWXUHV WKH LQIUDUHG OLJKW 7KDQNV WR WKH IDFWRU\ FDOLEUDWLRQ RI WKH.LQHFW LW LV SRVVLEOH WR
NQRZ WKH H[DFW SRVLWLRQ RI HDFK SURMHFWHG GRW DJDLQVW D VXUIDFH DW D NQRZQ GLVWDQFH IURP WKH FDPHUD
WKLV LQIRUPDWLRQ LV XVHG WR FUHDWH GHSWK LPDJHV  RI WKH REVHUYHG VFHQH WKDW FDSWXUH WKH REMHFW SRVLWLRQ
LQ D WKUHHGLPHQVLRQDO VSDFH
7KH V\VWHP SURSRVHG LQ WKLV FKDSWHU VHH )LJ  DLPV DW DXWRPDWLFDOO\ LQIHUULQJ WKH DFWLYLW\
$ GHSWK LPDJH LV DQ LPDJH ZKRVH SL[HO YDOXHV UHSUHVHQW GLVWDQFHV

)LJXUH  7KH  MRLQWV RI WKH KXPDQ ERG\ 5HIHUHQFH MRLQWV UHG QHFN KLS FHQWHU 6HOHFWHG MRLQWV JUHHQ KHDG
HOERZV KDQGV NQHHV IHHW 'LVFDUGHG MRLQWV JUH\ VKRXOGHUVZULVWV VSLQH KLSV DQNOHV
SHUIRUPHG E\ WKH XVHU DFFRUGLQJ WR D VHW RI NQRZQ SRVWXUHV (DFK SRVWXUH LV GHஹ஭QHG E\ WKH SRVLWLRQ
RI VRPH ERG\ MRLQWV H[WUDFWHG E\ PHDQV RI WKH 2SHQ1,1,7( VNHOHWRQ GHWHFWLRQ PHWKRG 7KH VHW
RI GHWHFWHG MRLQWV LV FOXVWHUHG E\ DSSO\LQJ WKH .஡0HDQV DOJRULWKP LQ RUGHU WR EXLOG D YRFDEXODU\ RI
SRVWXUHV 7KH REWDLQHG إZRUGVئ DUH YDOLGDWHG E\ 690V )LQDOO\ +00V DUH DSSOLHG WR PRGHO HDFK
DFWLYLW\ DV D VHTXHQFH RI YRFDEXODU\ ZRUGV
 )৙৕২৩০৙১ $ৢ৕ৠ৭১ঢ়১
7KH 2SHQ1,1,7( VNHOHWRQ GHWHFWLRQ PHWKRG SHUIRUPV UHDOWLPH GHWHFWLRQ LH WR ஹ஭QG WKH ' FR
RUGLQDWHV RI  ERG\ MRLQWV VHH )LJ  +RZHYHU GXH WR WKH VHQVLWLYHQHVV RI WKH ,5 VHQVRU VRPH
RYHUOD\LQJ GHWHFWHG MRLQWV HJ KDQGV WRXFKLQJ RWKHU ERG\ SDUWV RU RFFOXVLRQV HJ REMHFWV SODFHG
EHWZHHQ WKH VHQVRU DQG WKH XVHU PD\ OHDG WR VLJQLஹ஭FDQW HUURUV
)RU WKLV UHDVRQ VRPH UHGXQGDQW MRLQWV LH ZULVWV DQNOHV KDYH EHHQ GLVFDUGHG GXH WR WKHLU FORVH
QHVV WR RWKHU VHOHFWHG MRLQWV LH KDQGV IHHW ZKLOH RWKHUV LH VSLQH QHFN KLS DQG VKRXOGHUV DUH QRW
UHOHYDQW IRU DFWLYLW\ UHFRJQLWLRQ 7KH VHOHFWHG MRLQWV DUH VKRZQ LQ JUHHQ LQ )LJ  ZKLOH WKH GLVFDUGHG
RQHV LQ JUH\
0RUHRYHU VLQFH WKH GLVWDQFH RI WKH VNHOHWRQ MRLQWV IURP WKHKLSGHSHQGV RQ VHYHUDO IDFWRUV HJ WKH
XVHUV KHLJKW DUP OHQJWK GLVWDQFH IURP WKH VHQVRU DOO IHDWXUH YHFWRUV KDYH EHHQ QRUPDOL]HG DFFRUGLQJ
WR WKH GLVWDQFH EHWZHHQ WKH QHFN DQG KLS FHQWHU MRLQWV $ VFDOHLQGHSHQGHQW UHSUHVHQWDWLRQ RI WKH

ERG\ SRVWXUH LV WKHQ REWDLQHG E\ ஹ஭[LQJ WKH FHQWHU RI WKH UHIHUHQFH FRRUGLQDWH V\VWHP DW WKH KLS FHQWHU
DQG FRQVLGHULQJ DV [GLUHFWLRQ WKH OHIிULJKW KLS D[LV 5HIHUHQFH MRLQWV DUH VKRZQ LQ UHG LQ )LJ 
 3ৣ১২৩০৙১ $ৢ৕ৠ৭১ঢ়১
2QFH WKH MRLQWV KDYH EHHQ GHWHFWHG D FOXVWHULQJ DOJRULWKP LV DSSOLHG WR TXDQWL]H WKH QXPEHU RI RE
VHUYHG MRLQWV FRQஹ஭JXUDWLRQV 7KXV WKH GHWHFWHG IHDWXUHV DUH FOXVWHUHG LQWR . FODVVHV LH EXLOGLQJ D
.ZRUGV YRFDEXODU\ E\ XVLQJ WKH .PHDQV DOJRULWKP (DFK SRVWXUH LV WKHQ UHSUHVHQWHG DV D VLQJOH
ZRUG RI WKH YRFDEXODU\ DQG WKHUHIRUH HDFK DFWLYLW\ FDQ EH FRQVLGHUHG DV DQ RUGHUHG VHTXHQFH RI YRFDE
XODU\ ZRUGV
,Q RUGHU WR REWDLQ D EHWWHU VWDWLVWLFDO GHVFULSWLRQ RI WKH FRQWHQW RI HDFK FOXVWHU WKH RXWSXW LH
WKH SDLUV IHDWXUHVFOXVWHU RI WKH .PHDQV DOJRULWKP LV XVHG WR WUDLQ D PXOWLFODVV 690 690V DUH
VXSHUYLVHG OHDUQLQJPRGHOV XVHG IRU ELQDU\ FODVVLஹ஭FDWLRQ DQG UHJUHVVLRQ $PXOWLFODVV 690 LV D QHW RI
690V DEOH WR SHUIRUP D PXOWLFODVV FODVVLஹ஭FDWLRQ >@
0RUHRYHU VHTXHQFHV RI MRLQWV FRQஹ஭JXUDWLRQV DUH WXUQHG LQWR WKH FRUUHVSRQGLQJ VHTXHQFH RI .
ZRUGV RQO\ SRVWXUHV WUDQVLWLRQV DUH FRQVLGHUHG DOO UHSHDWHG VHTXHQFHV RI WKH VDPHSRVWXUH DUHPHUJHG
7KXV D PRUH FRPSDFW UHSUHVHQWDWLRQ RI WKH VHTXHQFHV LV REWDLQHG PLWLJDWLQJ WKH SUREOHP RI UHFRJ
QL]LQJ H[HFXWLRQV RI WKH VDPH DFWLYLW\ SHUIRUPHG ZLWK GLஸIHUHQW WLPH GXUDWLRQV
 $ৗ২ঢ়৪ঢ়২৭ 5৙ৗৣ৛ৢঢ়২ঢ়ৣৢ
7KH LVVXH RI UHFRJQL]LQJ GLஸIHUHQW VHTXHQFHV RI SRVWXUHV UHIHUUHG WR WKH VDPH DFWLYLW\ LV DGGUHVVHG E\
PHDQV RI D SUREDELOLVWLF DSSURDFK ,Q SDUWLFXODU HDFK DFWLRQ LV PRGHOHG XVLQJ D GLVFUHWH +00 >@
$+00WKDWKDVկ VWDWHVմ  \մφӴմϵӴ ӳӳӳӴ մկ^ DQGծ RXWSXW V\PEROVշ  \֑φӴ ֑ϵӴ ӳӳӳӴ ֑ծ^
LV IXOO\ VSHFLஹ஭HG E\ WKH WULSOHW ᇊ  \բӴգӴᇎ^ 7KH VWDWH WUDQVLWLRQ SUREDELOLW\ GLVWULEXWLRQբ  \ռքӴօ^ LV
ռքӴօ  ձ ज़֌֏φ  մօ]֌֏  մքड़ Ӵ φ ମ քӴ օ ମ կ 

ZKHUH ֌֏ LV WKH DFWXDO VWDWH DW WLPH ֏
7KH REVHUYDWLRQ V\PERO SUREDELOLW\ GLVWULEXWLRQ LQ VWDWH օգ  \սօ	ֆ
^ LV
սօ	ֆ
  ձ <֑ֆ / ֏]֌֏  մօ> Ӵ 
ZKHUH φ ମ օ ମ կ DQG φ ମ ֆ ମ ծ 
$QG WKH LQLWLDO VWDWH GLVWULEXWLRQ ᇎ  \ᇎք^ LV
ᇎք  ձ <֌φ  մք> Ӵ φ ମ ք ମ կ 
2QFH HDFK +00 KDV EHHQ WUDLQHG RQ WKH SRVWXUH VHTXHQFHV RI HDFK DFWLYLW\ D QHZ XQNQRZQ
VHTXHQFH LV WHVWHG DJDLQVW WKH VHW RI+00V DQG FODVVLஹ஭HG DFFRUGLQJ WR WKH ODUJHVW SRVWHULRU SUREDELOLW\
LI VXFK D SUREDELOLW\ ULVHV DERYH D SUHஹ஭[HG WKUHVKROG
 (৬৤৙০ঢ়ৡ৙ৢ২৕ৠ ৕১১৙১১ৡ৙ৢ২ ৕ৗৗ৩০৕ৗ৭ ৣ৚ ২ড়৙ ৕ৗ২ঢ়৪ঢ়২৭ ০৙ৗৣ৛ৢঢ়২ঢ়ৣৢ
$FWLYLW\ UHFRJQLWLRQ DFFXUDF\ KDV EHHQ HYDOXDWHG RQ WKH SXEOLF065$FWLRQ'GDWDVHW >@ FRQWDLQLQJ
 DFWLRQV KLJK DUP ZDYH KRUL]RQWDO DUP ZDYH KDPPHU KDQG FDWFK IRUZDUG SXQFK KLJK WKURZ
GUDZ [ GUDZ WLFN GUDZ FLUFOH KDQG FODS WZR KDQG ZDYH VLGHER[LQJ EHQG IRUZDUG NLFN VLGH NLFN
MRঃLQJ WHQQॾ VZLQJ WHQQॾ VHUYH JROI VZLQJ DQG SLFNXS 	 WKURZ (YHU\ DFWLRQ LV UHSHDWHG  WLPHV E\
 GLஸIHUHQW VXEMHFWV
'XULQJ WKH WUDLQLQJ SKDVH LWZDV QRWLFHG WKDW WKH VNHOHWRQ WUDFNHU KHDYLO\ IDLOHG LQ FRUUHVSRQGHQFH
RI VRPH SDUWLFXODU DFWLRQV RU VXEMHFWV DV UHSRUWHG E\ WKH DXWKRUV RI WKH GDWDVHWұ )RU WKLV UHDVRQ WKH
ԢEHQGԣ DQG ԢVLGH NLFNԣ DFWLRQV DQG WKH VXEMHFW KDYHEHHQ UHPRYHG 7KXV إஹ஭OWHUHGئGDWDVHW LV UHGXFHG
WR  DFWLRQV SHUIRUPHG E\  VXEMHFWV
ұKWWSUHVHDUFKPLFURVRIிFRPa]OLX$FWLRQ5HFR5VUF

$FWLYLW\ 6HW  $FWLYLW\ 6HW  $FWLYLW\ 6HW 
+RUL]RQWDO DUP ZDYH +LJK DUP ZDYH +LJK WKURZ
+DPPHU +DQG FDWFK )RUZDUG .LFN
)RUZDUG SXQFK 'UDZ [ -RJJLQJ
+LJK WKURZ 'UDZ WLFN 7HQQLV VZLQJ
+DQG &ODS 'UDZ &LUFOH 7HQQLV VHUYH
7HQQLV VHUYH 7ZR KDQG ZDYH *ROI VZLQJ
3LFNXS 	 WKURZ 6LGH ER[LQJ 3LFNXS 	 WKURZ
7DEOH  7KH WKUHH $FWLYLW\ 6HWV
7KUHH $FWLYLW\ 6HWV $6V KDYH EHHQ REWDLQHG IURP WKH ஹ஭OWHUHG GDWDVHW LQ VLPLODU ZD\ DV GRQH E\
>@ DQG >@ (DFK $FWLYLW\ 6HW FRQWDLQV  DFWLYLWLHV DV VKRZQ LQ 7DEOH 
6LQFH D QXPEHU RI VROXWLRQV EDVHG RQ WKH 690+00 FKDLQ DUH SUHVHQWHG LQ OLWHUDWXUH HDFK
SURFHVVLQJ PRGXOH KDV EHHQ LQGLYLGXDOO\ WHVWHG WR HVWLPDWH LWV HஸIHFW RQ WKH RYHUDOO SHUIRUPDQFH )RU
WKLV UHDVRQ IRXU GLஸIHUHQW FRQஹ஭JXUDWLRQV KDYH EHHQ XVHG WR DVVHVV WKH ZKROH V\VWHP
 121( FRQ؀JXUDWLRQ SRVWXUH DQDO\VLV LV SHUIRUPHG E\ DSSO\LQJ RQO\ WKH .PHDQV DOJRULWKP
 3&$ FRQ؀JXUDWLRQ D 3ULQFLSDO &RPSRQHQW $QDO\Vॾ 3&$ WUDQVIRUPDWLRQ RQ RULJLQDO GDWD
LH MRLQWV SRVLWLRQV KDV EHHQ DGGHG WR WKH IHDWXUH DQDO\VLV SURFHVV LQ RUGHU WR HYDOXDWH WKH
LPSDFW RI D UHGXFHG IHDWXUH VSDFH RQ WKH V\VWHP SHUIRUPDQFH
 690 FRQ؀JXUDWLRQ SRVWXUH FODVVLஹ஭FDWLRQ LV SHUIRUPHGE\PHDQV RI DPXOWLFODVV 690FODVVLஹ஭HU
EDVHG RQ D 5%) NHUQHO ZLWK ᇁ  φ։ց DQG UHJXODUL]DWLRQ SDUDPHWHUդ  φ ZKHUH։ց LV WKH
QXPEHU RI IHDWXUHV FRQVLGHUHG
 690B3&$ FRQ؀JXUDWLRQ ERWK 3&$ DQG 690 DUH HPSOR\HG
7KH QXPEHU RI SRVWXUH FOXVWHUV . DQG +00 VWDWHV 1 ZHUH REWDLQHG WKURXJK D *ULG 6HDUFK
>@ LQ WKH UDQJH <φЈϦ φЈЈ> IRU . DQG <ϯϦ ΅> IRU 1 )RU HYHU\ QRGH RI WKH JULG WKH HUURU RI /HDYH 2QH
2XW &URVV 9DOLGDWLRQ >@ ZDV FRPSXWHG )RU HDFK RI WKH WKUHH $FWLYLW\ 6HW  DFWLRQ VHTXHQFHV



























7DEOH  %HVW PHDQ DFFXUDF\ REWDLQHG IRU HDFK FRQĆJXUDWLRQ
ZHUH XVHG IRU WUDLQLQJ DQG WKH UHPDLQLQJ VHTXHQFH ZDV XVHG IRU YDOLGDWLRQ HDFK WHVW VHW ZDV UHSHDWHG
 WLPHV IRU HYHU\ FRQஹ஭JXUDWLRQ $V D UHVXOW RI WKHVH H[SHULPHQWV WKH SDLU 	լӴկ
 PLQLPL]LQJ WKH
PHDQ HUURU RQ WKH WKUHH $FWLYLW\ 6HWV ZDV FKRVHQ
7KH UHVXOWV REWDLQHG IRU WKH EHVW 	լӴկ
 SDLUV RI HDFK FRQஹ஭JXUDWLRQ DUH UHSRUWHG LQ 7DEOH 
7KH UHGXFWLRQ RI WKH IHDWXUH VSDFH REWDLQHG E\ DSSO\LQJ 3&$ RQ RULJLQDO GDWD GHFUHDVHG WKH V\V
WHP SHUIRUPDQFHV 7KLV UHVXOW LV PRWLYDWHG E\ WKH SUHOLPLQDU\ VHOHFWLRQ RI MRLQWV GHPRQVWUDWLQJ WKDW
RULJLQDO IHDWXUH VSDFH GRHV QRW FRQWDLQV FRUUHODWHG IHDWXUHV
$ FRPSDULVRQRI WKH DFFXUDF\PHDVXUHGZLWK UHVSHFW WR WKHQXPEHU RI FOXVWHUV LV VKRZQ LQ)LJ 
7KH EHVW SHUIRUPDQFHV DUH REWDLQHG E\ 690 DQG 690B3&$ ERWK JLYLQJ DQ RYHUDOO PHDQ DFFXUDF\
RI νЈӳΚϨύ +RZHYHU WKH UHVXOWV REWDLQHG E\ WKH 690 FRQ؀JXUDWLRQ VKRZHG D VPDOOHU YDULDQFH
GHPRQVWUDWLQJ WKDW WKH IRUPHU LV SUHIHUDEOH
6XFK D UHVXOW LV FRQஹ஭UPHGE\ FRPSDULQJ690 DQG690B3&$ RQGLஸIHUHQW YDOXHV RI. DV VKRZHG

$FWLRQ $FFXUDF\ $FWLRQ $FFXUDF\
+RUL]RQWDO DUP ZDYH  +DQG FDWFK 
+DPPHU  7ZR KDQG ZDYH 
)RUZDUG SXQFK  'UDZ [ 
*ROI VZLQJ  'UDZ WLFN 
+DQG &ODS  'UDZ &LUFOH 
7HQQLV VHUYH  +LJK DUP ZDYH 
3LFNXS 	 WKURZ  6LGH ER[LQJ 
+LJK WKURZ  )RUZDUG .LFN 
-RJJLQJ  7HQQLV VZLQJ 
0HDQ $FFXUDF\ 
7DEOH  5HFRJQLWLRQ UDWH RI 690 V\VWHP FRQĆJXUDWLRQ
LQ )LJ  0RUHRYHU DFFRUGLQJ WR WKH 0LQLPXP 'HVFULSWLRQ /HQJWK 0'/ SULQFLSOH >@ WKH
PRGHO JLYHQ E\ 690 LV EHWWHU WKDQ WKH 690B3&$ RQH VLQFH WKH IRUPHU XVH D VPDOOHU QXPEHU RI
VWDWHV LHկ  Θ YHUVXVկ  φЈ DV VKRZQ LQ 7DEOH 
,Q WDEOH  DUH UHSRUWHG WKH PHDQ DFFXUDF\ YDOXHV REWDLQHG E\ WKH 690 FRQ؀JXUDWLRQ IRU WKH
ZKROH VHW RI FRQVLGHUHG DFWLYLWLHV
7KH FRQIXVLRQ PDWULFHV UHSRUWHG LQ 7DEOH      VKRZ FODVVLஹ஭FDWLRQ HUURUV UHODWHG WR WKH
WKUHH DFWLYLW\ GDWDVHWV OLVWHG LQ 7DEOH  3OHDVH QRWH WKDW VRPH DFWLYLWLHV DUH QRW FRUUHFWO\ FODVVLஹ஭HG
VLQFH WKH\ DUH FRQVLGHUHG DV SDUWV RI PRUH FRPSOH[ RQHV HJ+DQG FDWFK JHVWXUH LV WKH EHJLQQLQJ RI
+LJK DUP ZDYH'UDZ WLFN DQG 7ZR KDQG ZDYH
6LQFH WKH TXDOLW\ RI H[LVWLQJ SXEOLF GDWDVHWV LV RIிHQ SRRU D QHZ GDWDVHW ZDV FROOHFWHG LW FRQWDLQV 
DFWLYLWLHV &DWFK &DS 7RVV 3DSHU 7DNH 8PEUHOOD :DON 3KRQH &DOO 'ULQN 6LW GRZQ 6WDQG XS HDFK
SHUIRUPHG  WLPHV E\  GLஸIHUHQW VXEMHFWV 7KLV GDWDVHW LV DQ HDUOLHU YHUVLRQ RI .LQHFW $FWLYLW\ 5HFRJ
QLWLRQ 'DWDVHW .$5' GHVFULEHG LQ >@ 6HYHUDO WHVWV KDYH EHHQ SHUIRUPHG RQ WKH  FDSWXUHG
VHTXHQFHV WR YHULI\ WKH DFFXUDF\ DQG WKH UREXVWQHVV RI WKH DFWLYLW\ UHFRJQL]HU
,Q SDUWLFXODU WKH 690 FRQஹ஭JXUDWLRQ ZDV XVHG IRU WKH V\VWHP 7KH H[SHULPHQWDO WHVWV VWDUWHG E\
























)LJXUH  'LIIHUHQFH RI DFFXUDF\ EHWZHHQ WKH SURSRVHG V\VWHP FRQĆJXUDWLRQ 690 DQG 690B3&$
      
       
       
       
       
       
       
       
       
7DEOH  &RQIXVLRQPDWUL[ RI $FWLYLW\ 6HW   +RUL]RQWDO DUPZDYH  +DPPHU  )RUZDUG SXQFK  +LJK WKURZ
 +DQG &ODS  7HQQLV VHUYH  3LFNXS 	 WKURZ  8QNQRZQ
DSSO\LQJ D*ULG 6HDUFK DSSURDFK WR ஹ஭QG RXW WKH EHVW FRXSOH RI YDOXHV IRU WKH QXPEHU RI FOXVWHUV. LH
WKH QXPEHU RI SRVWXUHV DQG WKH QXPEHU RI WKH+00VWDWHV17KH YDOXH RI HDFK QRGH RI WKH JULG KDV
EHHQ FRPSXWHG DV WKH PHDQ UDWH RI D /HDYH2QH2XW &URVV 9DOLGDWLRQ /22&9 UHSHDWHG WHQ WLPHV
WR RYHUFRPH WKH UDQGRPQHVV RI WKH FOXVWHULQJ DOJRULWKP 7KH EHVW UHFRJQLWLRQ UDWH LV REWDLQHG ZLWK
.   DQG 1   ZLWK D PHDQ DFFXUDF\ RI  DQG VWDQGDUG GHYLDWLRQ RI  EHWZHHQ WKH GLஸIHUHQW
UXQV RI WKH /22&9
0RWLYDWHG E\ WKH UHVXOWV REWDLQHG RYHU WKH ZKROH GDWDVHW WKH LQ஺ாXHQFH RI FKRLFH RI WKH WUDLQLQJ
VHW RQ SHUIRUPDQFHV ZDV LQYHVWLJDWHG )RU WKLV UHDVRQ WKH ZKROH GDWDVHW LV GLYLGHG LQWR VXEVHWV DQG
HDFK VXEVHW LV WHVWHG WKUHH WLPHV LQ D ZD\ VLPLODU WR WKH RQH SURSRVHG LQ >@

      
       
       
       
       
       
       
       
       
7DEOH  &RQIXVLRQPDWUL[ RI $FWLYLW\ 6HW   +LJK DUPZDYH  +DQG FDWFK  'UDZ [  'UDZ WLFN  'UDZ
&LUFOH  7ZR KDQGZDYH  6LGH ER[LQJ  8QNQRZQ
      
       
       
       
       
       
       
       
       
7DEOH  &RQIXVLRQPDWUL[ RI $FWLYLW\ 6HW   +LJK WKURZ  )RUZDUG .LFN   -RJJLQJ  7HQQLV VZLQJ  7HQQLV




&URVV 6XEMHFW 9DOLGDWLRQ 
7DEOH  $FFXUDF\ RI WKH 690 FRQĆJXUDWLRQ RQ RXU GDWDVHW

ت  9DOLGDWLRQ  RI WKH GDWD FDSWXUHG IRU HDFK VXEMHFW LV XVHG IRU WUDLQLQJ WKH UHPDLQLQJ SDUW
LV XVHG IRU WHVWLQJ
ت  9DOLGDWLRQ  RI WKH GDWD FDSWXUHG IRU HDFK VXEMHFW LV XVHG IRU WUDLQLQJ WKH UHPDLQLQJ SDUW
LV XVHG IRU WHVWLQJ
ت &URVV 6XEMHFW 9DOLGDWLRQ  RI WKH VXEMHFWV LV XVHG IRU WUDLQLQJ DQG WKH UHPDLQLQJ SDUW IRU
WHVWLQJ
(DFK RI WKH DERYH WHVWV ZDV UHSHDWHG WHQ WLPHV UDQGRPO\ FKRRVLQJ WKH VHTXHQFHV RU VXEMHFWV RI WKH
WUDLQLQJ DQG WHVWLQJ VHWV 7KH UHVXOWV RI WKH WKUHH SHUIRUPHG WHVWV DUH VKRZQ LQ  7KH ஹ஭UVW WZR URZV
UHSRUW DFFXUDF\ YDOXHV RI  DQG  UHVSHFWLYHO\ ZKLFK DUH FRPSDUDEOH WR WKH PHDQ DFFXUDF\
RI  REWDLQHG RYHU WKH ZKROH GDWDVHW 7KH PRVW VLJQLஹ஭FDQW UHVXOW LV WKH RQH REWDLQHG E\ WKH FURVV
VXEMHFW WHVW ERWWRP URZ WKDW DLPHG WRPHDVXUH WKH DELOLW\ RI WKH V\VWHP LQ UHFRJQL]LQJ DFWLYLWLHV SHU
IRUPHG E\ QHZ VXEMHFWV 7KH DFKLHYHG UHFRJQLWLRQ UDWH RI DERXW  VKRZV WKDW WKHPHWKRG SURSRVHG
LV DEOH WR FDSWXUH D JHQHUDO PRGHO RI WKH DFWLYLW\ UHJDUGOHVV WR WKH XVHU WKDW SHUIRUPHG LW

1RQ HVW DG DVWUD PROOॾ H WHUUॾ YLD
/XFLXV $QQDHXV 6HQHFD
3
6\QWDFWLF 0HWKRGV IRU 2SWLPL]DWLRQ RI
(QHUJ\ 'HPDQG
6৭ৢ২৕ৗ২ঢ়ৗ ৕৤৤০ৣ৕ৗড়৙১ KDYH EHHQ ZLGHO\ LQYHVWLJDWHG DQG XVHG WR DQDO\]H V\PEROLF GDWD ,Q WKLV
FKDSWHU DQ DSSOLFDWLRQ RI V\QWDFWLF PHWKRG LV SUHVHQWHG DLPLQJ DW UHFRJQL]LQJ GDLO\ OLIH DFWLYLWLHV SHU
IRUPHG E\ XVHUV LQ D VPDUW KRPH LQ RUGHU WRPLQLPL]H HQHUJ\ FRQVXPSWLRQ E\ JXDUDQWHHLQJ WKDW SHDN
GHPDQGV GR QRW H[FHHG D JLYHQ WKUHVKROG
7KH PDLQ LGHD EHKLQG WKLV DSSURDFK LV WR UHOLHYH WKH GHVLJQHU IURP WKH WDVN RI FUHDWLQJ D GHWDLOHG
PRGHO IRU HDFK DFWLYLW\ WR WUDFN VR XQOLNH SUHYLRXV SURSRVDOV WKLV SUREOHP LV DGGUHVVHG IURP DQ DO
JRULWKPLF SHUVSHFWLYH UDWKHU WKDQ D OHDUQLQJ RQH $ JHQHUDO KLJKOHYHO GHVFULSWLRQ RI ZKDW PD\ EH
UHJDUGHG DV DQ DFWLYLW\ LV DOO LW LV UHTXLUHG WKXV E\SDVVLQJ WKH GLஸஹ஭FXOW\ RI FUHDWLQJ D UHOLDEOH PRGHO RI

DQ DFWLYLW\ LQ WHUPV RI VHQVRU\ WULJJHUV RU VXSSRVHG LQWHUDFWLRQV EHWZHHQ XVHUV DQG WKHLU KRPH DSSOL
DQFHV
7KH UHVXOWLQJ V\VWHP VKRXOG EH DEOH WR ZRUN ZLWKRXW DQ H[SOLFLW KXPDQ LQWHUYHQWLRQ VR D VSHFLஹ஭F
FKDOOHQJH LV UHODWHG WR WKH ODQJXDJH XVHG WR REWDLQ D KLJKOHYHO JHQHUDOL]DEOH GHVFULSWLRQ RI KXPDQ
EHKDYLRXU XVLQJ RQO\ GDWD FRPLQJ IURP WKHPHDVXUHPHQWV RI D W\SLFDO HQYLURQPHQWDO VHQVRU QHWZRUN
DQG QR VSHFLஹ஭F NQRZOHGJH RI WKH SDUWLFXODU VHQVRU VHW
$FWLYLWLHV PRGHOV DUH GHஹ஭QHG DV UHFXUVLYH VWUXFWXUॽ DQG LGHQWLஹ஭HG E\ H[WUDFWLQJ UHOHYDQW HYHQWV
ZKLFK LQ WKLV FRQWH[W PD\ EH WKRXJKW RI DV VKRUW DQG UHFXUUHQW VHTXHQFHV RI UDZ VHQVRU UHDGLQJV
+HQFH WKH GHVLJQHU LV QRW IRUFHG WR HPEHG WRR VSHFLஹ஭F NQRZOHGJH LQWR WKH V\VWHP DQG PD\ UDWKHU
FKRRVH D GHVFULSWLRQ RI HYHQWV LQ WHUPV RI VLPSOH EDVLF FRQFHSWV VXFK DV WLPH GXUDWLRQ RU W\SH RI
VHQVRU PHDVXUHPHQW ,W FDQ EH LPSOLFLWO\ DVVXPHG WKDW إJURXQGئ HYHQWV DUH FKDUDFWHUL]HG E\ D VKRUW
GXUDWLRQ DQG ZLOO GLUHFWO\ FRUUHVSRQG WR UHDGLQJV PRVW RI WKHP ZLOO OLNHO\ EH QRW YHU\ PHDQLQJIXO
IRU FKDUDFWHUL]LQJ XVHU DFWLYLWLHV DQG WKHLU LQIRUPDWLRQ FRQWHQW ZLOO QRW EH DSSDUHQW XQOHVV WKH\ DUH
FRQVLGHUHG LQ D FRPELQDWLRQZLWK RWKHU JURXQG HYHQWV WKXV KDYLQJ WKH KLGGHQ VWUXFWXUH RI WKH DFWLYLW\
SURJUHVVLYHO\ HPHUJH
0DLQ IRFXV KDV WKXV EHHQ RQ DGDSWLYHQHVV DQG HஸIRUWV KDYH EHHQ VSHFLஹ஭FDOO\ GLUHFWHG WRZDUG OHDUQ
LQJ DQG SUHGLFWLRQ RI XVHU DFWLYLWLHV DV D ஹ஭UVW VWHS WRZDUGV DQ HஸIHFWLYH DSSURDFK WR HQHUJ\ VDYLQJ
 (ৢ৙০৛৭ ১৕৪ঢ়ৢ৛ ৕ৢ৘ ৩১৙০ ড়৕৖ঢ়২১
8VHU KDELWV SOD\ D FHQWUDO UROH LQ KRXVHKROG HQHUJ\ GHPDQG WKXV UHFRJQL]LQJ DFWLYLWLHV FDUULHG RXW E\
WKH XVHU VKRXOG EH DQ LPSRUWDQW SDUW RI HYHU\ V\VWHP DLPLQJ DW RSWLPL]LQJ HQHUJ\ FRQVXPSWLRQ
 $ৗ২ঢ়৪ঢ়২৭ ০৙ৗৣ৛ৢঢ়২ঢ়ৣৢ ৖৭ ১ঢ়ৡ৤ৠ৙ ১৙ৢ১ৣ০১
,Q OLWHUDWXUH VHYHUDO ZRUNV KDYH DGGUHVVHG WKH SUREOHP RI DFWLYLW\ UHFRJQLWLRQ &RPPRQ SURSRVDOV
LQFOXGH L PHWKRGV EDVHG RQ WKH XVH RI ORJLF LL SUREDELOLVWLF PHWKRGV RU LLL PHWKRGV EDVHG RQ
FRPPRQ VHQVH UHDVRQLQJ ,Q WKH FRQWH[W RI ORJLFEDVHG PHWKRGV DFWLYLW\ UHFRJQLWLRQ FRQVLVWV LQ UH

FRQVWUXFWLQJ WKH SODQ DQ DJHQW LV IROORZLQJ EDVHG RQ WKH REVHUYDWLRQ RI LWV DFWLRQV DQG WKH PDLQ
GLஸஹ஭FXOW\ OLHV LQ WKH K\SRWKHVLV RI UDWLRQDOLW\ ZKLFK RIிHQ GRHV QRW KROG ZKHQ WKH DJHQW LV KXPDQ
HVSHFLDOO\ LQ WKH SUHVHQFH RI LOOQHVV RU GLVDELOLW\ 7KH DXWKRUV RI >@ XVH UHWLFXODU WKHRU\ DQG D ORJLF
ODQJXDJH IRU GHVFULELQJ DFWLRQV LQ RUGHU WR GHWHFW QRQVWDQGDUG EHKDYLRUV WKHLU V\VWHP FDQ JHQHUDWH
QHZ SODQV DQG SURYLGH H[SODQDWLRQ IRU XQXVXDO DFWLRQV ,Q >@ HYHQW FDOFXOXV LV XVHG WR UHFRJQL]H
DFWLYLWLHV DQG VXSSRUW XVHUV LQ SHUIRUPLQJ WKH FRUUHFW DFWLRQ DW WKH ULJKW SODFH DQG WLPH 7KH VLJQLI
LFDQW DGYDQWDJH RI XVLQJ D ORJLF ODQJXDJH VXFK DV HYHQW FDOFXOXV LV WKH SRVVLELOLW\ WR HPEHG DSULRUL
NQRZOHGJH DERXW WKH DSSOLFDWLRQ GRPDLQ ZKLFK UHGXFHV WKH QHHG IRU DQQRWDWLRQV DQG DOORZV IRU HDV\
LQWHUSUHWDWLRQ RI WKH SURGXFHG UXOHV WKH GUDZEDFN KRZHYHU LV WKH LQDELOLW\ WR GHDO ZLWK DPELJXLW\
ZKLFK DULVHV ZKHQ WKH V\VWHP IDLOV DW GHWHFWLQJ WKH RQJRLQJ DFWLYLW\ DQG FDQ QRW HYHQ HVWLPDWH WKH
PRVW OLNHO\ RQH
3UREDELOLVWLF PHWKRGV UHJDUG WKH VHTXHQFH RI HYHQWV DV D WLPH VHULHV DQG WKH JRDO LV WR GHWHUPLQH
WKH FKDLQ RI KLGGHQ VWDWHVZKLFK JHQHUDWHG WKH REVHUYDWLRQV 7KHSUREDELOLVWLF DSSURDFK UHTXLUHV FRP
SXWLQJ WKH VHTXHQFH ZKLFKPD[LPL]HV WKH SUREDELOLW\ RI WKH KLGGHQ VWDWHV JLYHQ D SDUWLFXODU VHW RI RE
VHUYDWLRQV 6HYHUDO PHWKRGV VXFK DV 6HPL+LGGHQ0DUNRY0RGHOV 6NLS &KDLQ &RQGLWLRQDO 5DQGRP
)LHOGV DQG PDQ\ RWKHUV KDYH EHHQ DSSOLHG WR DGGUHVV WKH LVVXH RI DFWLYLW\ UHFRJQLWLRQ DV UHSRUWHG
LQ >@؞>@ 3UREDELOLVWLF PHWKRGV UHTXLUH WKH DYDLODELOLW\ RI D ODUJH DPRXQW RI ODEHOHG GDWD LQ RUGHU
WR VKRZ DFFHSWDEOH SHUIRUPDQFH WKH QHHG IRU DQQRWDWLRQ PD\ EH SDUWLDOO\ PLWLJDWHG E\ KDUGFRGLQJ
NQRZOHGJH DERXW KRZ DFWLYLWLHV DUH W\SLFDOO\ FDUULHG RQ HJ E\ H[WUDFWLQJ LW IURP WKH :HE ,Q >@
IRU LQVWDQFH D V\VWHP ZKRVH SXUSRVH LV WR FUHDWH D GDWDEDVH RI ELWV RI FRPPRQVHQVH NQRZOHGJH LV
SURSRVHG VXFK GDWD PD\ EH LQWHJUDWHG LQ DXWRPDWHG V\VWHPV LQ RUGHU WR DXJPHQW WKHLU DELOLW\ RI LQ
WHUDFWLQJZLWK WKH UHDO ZRUOG 7UDQVODWLRQ RI VHQVRU\ GDWD LQWR KLJKOHYHO DEVWUDFWLRQV LVPDGH E\PHUJ
LQJ NQRZOHGJH ZLWK LQIRUPDWLRQ IURP WKH:HE DQG WUDQVIRUPLQJ WKH REWDLQHG GDWD LQWR FODXVHV WKH
V\VWHP WKHQ SHUIRUPV D VWDWLVWLFDO LQIHUHQFH UHDVRQLQJ
)URP D GDWD PLQLQJ SHUVSHFWLYH DFWLYLW\ GLVFRYHU\ LV RIிHQ VHHQ DV WKH SUREOHP RI GHWHFWLQJ UHFXU
ULQJ SDWWHUQV ZLWKLQ D VHTXHQFH RI HYHQWV KRZHYHU WKHUH DUH VXEVWDQWLDO GLஸIHUHQFHV EHWZHHQ IUHTXHQW

LWHPVHWV GHWHFWLRQ DQG GLVFRYHU\ RI SDWWHUQV FRUUHVSRQGLQJ WR DFWLYLWLHV )LUVW RI DOO LWHPVHWV GR QRW
DFFRXQW IRU WKH RUGHULQJ RI WKH HOHPHQWV ZKLFK RQ WKH RWKHU KDQG LV TXLWH UHOHYDQW GXULQJ DFWLYLW\ GLV
FRYHU\ VHFRQGO\ HDFK LWHPVHW PXVW QRW FRQWDLQ UHSHWLWLRQV ZKHUHDV D SDWWHUQ PLJKW GR ,Q RUGHU WR
RYHUFRPH VXFK OLPLWDWLRQV PRVW SURSRVDOV UHO\ RQ WKH VRFDOOHG 7SDWWHUQV >@ DQG FDQGLGDWH LWHP
VHWV DUH FKRVHQ DFFRUGLQJ WR FULWHULD GHஹ஭QLQJ WKHLU PHDQLQJIXOQHVV ZLWKLQ WKH HYHQW VHTXHQFH 7KH
DXWKRUV RI >@ XVH D YDULDQW RI WKH $SULRUL DOJRULWKP >@ WR GLVFRYHU VHTXHQFHV RI HYHQWV UHSHDWLQJ
ZLWK UHJXODU SHULRGLFLW\ EHVLGHV SDWWHUQV UHODWHG WR IUHTXHQW DFWLYLWLHV 7KH V\VWHP VWDUWV IURP HOHPHQ
WDU\ VHTXHQFHV DQG H[SDQGV WKHP WR REWDLQ ORQJHU RQHV XS WR D PD[LPXP SUHGHஹ஭QHG VL]H $QRWKHU
DSSURDFK SURSRVHG LQ >@ UHOLHV RQ VWDQGDUG$SULRUL DQG FRQVLGHUV WKH HYHQW VHTXHQFH DV D VWUHDP RI
LQFRPLQJ GDWD DIிHU LGHQWLI\LQJ DOO VHTXHQFHV RI SUHGHஹ஭QHG VL]H DQG VXSSRUW D WUDQVIRUPDWLRQ IXQF
WLRQ PDSV WKHP LQWR PRGHOV IRU DFWLYLWLHV $ KLHUDUFKLFDO GHVFULSWLRQ LV SURSRVHG IRU VXFK PRGHOV
DQG DFWLYLWLHV DUH GLYLGHG LQWR WDVNV DQG VXEWDVNV WKH ERWWRP RI WKH KLHUDUFK\ LV UHSUHVHQWHG E\ DF
WLYLWLHV WKDW FDQQRW EH IXUWKHU GHFRPSRVHG DFWLYLW\ UHFRJQLWLRQ DV ZHOO DV GHVFULSWLRQ LV FDUULHG RQ
LQ D ERWWRPXS IDVKLRQ $ VLPLODU DSSURDFK LV GHVFULEHG LQ >@ ZKHUH WKH DXWKRUV DGGUHVV WKH LVVXH
RI EURNHQ RU FRQFXUUHQW DFWLYLWLHV E\ FRQVLGHULQJ HPHUJLQJ SDWWHUQV LH WKRVH SDWWHUQV DEOH WR FDS
WXUH PHDQLQJIXO GLஸIHUHQFHV EHWZHHQ WZR FODVVHV RI GDWD )LQDOO\ DQ DSSURDFK ZRUWK PHQWLRQLQJ LV
SURSRVHG LQ >@ ZKHUH $FWLYLWLॽ RI 'DLO\ /LYLQJ $'/ DUH GLVFRYHUHG E\ PHDQV RI HYROXWLRQDU\
WHFKQLTXHV WKH SXUSRVH LV WKH FUHDWLRQ RI DQ (YROYLQJ $'/ /LEUDU\ FRQWDLQLQJ PRGHOV IRU DFWLYLWLHV
WKH OLEUDU\ HYROYHV E\ OHDUQLQJ DGGLWLRQDO PRGHOV IURP QHZ VHTXHQFHV
 (ৢ৙০৛৭ ১৕৪ঢ়ৢ৛ ৕ৢ৘ %(&0 ১৭১২৙ৡ১
7KH HYHULQFUHDVLQJ HQHUJ\ GHPDQG LQ UHFHQW \HDUV LV EHFRPLQJ DPDMRU LVVXH DV LW UHSUHVHQWV D SRVVLEOH
GUDZEDFN LQ RXU VRFLHW\أV IXWXUH GHYHORSPHQW ZKHUH HQHUJ\ LV DUJXDEO\ WKH VLQJOHPRVW YDOXDEOH JRRG
&XUUHQW FRQVXPSWLRQ WUHQGV DUH XQVXVWDLQDEOH IURP DQ HQYLURQPHQWDO SRLQW RI YLHZ DQG Hஸஹ஭FLHQW XV
DJH DQG RYHUDOO HQHUJ\ GHPDQG UHGXFWLRQ KDYH EHFRPH WZR PDMRU FRQFHUQV RI WKH LQWHUQDWLRQDO FRP
PXQLW\ DQGPRVW JRYHUQPHQWV GXH WR ERWK HFRQRPLF DQG HQYLURQPHQWDO PRWLYDWLRQV >@ 1DPHO\

DFFRUGLQJ WR WKH FODVVLFDOPDUNHW ODZV WKRVH WUHQGV KDYH FDXVHG D EXUVW LQ HQHUJ\ SULFHZKLFK HYHQWXDOO\
KDV DWWUDFWHG JUHDWHU DWWHQWLRQ WR WKH HQHUJ\ SUREOHP
7KH SHULRGLFDO VKRUWDJHV LQ HQHUJ\ VXSSO\ GXULQJ WKH ODVW FHQWXU\ OHG WR WKH ELUWK RI QHZ UHVHDUFK
DUHDV DQG FRQVLGHUDEOH HஸIRUW LV EHLQJ FDUULHG RXW WR GHYLVH YLDEOH VROXWLRQV WR WKH HQHUJ\ LVVXH UDQJLQJ
IURP GLVFRYHULQJ QHZ HQHUJ\ VRXUFHV WR UDLVLQJ SHRSOH DZDUHQHVV ,Q WKLV FRQWH[W D VWHDG\ DWWHQWLRQ
KDV EHHQ GHYRWHG WR HQHUJ\ VDYLQJ LQ EXLOGLQJV VWDUWLQJ IURP WKH HQHUJ\ FULVHV RI WKH V >@ >@
8VHU KDELWV SOD\ D FHQWUDO UROH LQ KRXVHKROG HQHUJ\ GHPDQG DQ LQHஸஹ஭FLHQW FRQWURO RI HOHFWULF DS
SOLDQFH DQG KHDWLQJ V\VWHPV LV DPDMRU HQHUJ\ZDVWH VRXUFH &XUUHQW OLWHUDWXUH DERXW EXLOGLQJ DXWRPD
WLRQ KRZHYHU VKRZV WKDW EXLOGLQJ FRQWURO LV VWLOOPDLQO\ SHUIRUPHGPDQXDOO\ DV LQ WKH FDVH RI DUWLஹ஭FLDO
OLJKWLQJ VHWWLQJ SRZHULQJ DSSOLDQFHV RU VHDVRQDO FRQWURO RI KHDWLQJ V\VWHPV DGGLWLRQDOO\ DXWRPDWLRQ
LQ EXLOGLQJV KDV KLVWRULFDOO\ IRFXVHG RQ QDUURZVFRSH WDVNV VXFK DV OLJKWLQJ FRQWURO ZLWK VLPSOH PR
WLRQ GHWHFWLRQ DQG D ஹ஭[HG WLPHRXW RU LQGRRU FOLPDWH FRQWURO EDVHG RQ WHPSHUDWXUH DQG&2ϵ OHYHO 2Q
WKH RWKHU KDQG XVHU DFWLYLWLHV DQG EHKDYLRU KDYH D FRQVLGHUDEOH LPSDFW RQ WKH DPRXQW RI FRQVXPHG
HQHUJ\ LQ DOO NLQGV RI EXLOGLQJV LH UHVLGHQWLDO Rஸஹ஭FH DQG UHWDLO VHFWRUV 7KXV WKH GHVLJQ RI%XLOGLQJ
(QHUং DQG &RPIRUW0DQDJHPHQW %(&0 >@ V\VWHPVKDV JURZQ WREHFRPH D VHOIVWDQGLQJ UHVHDUFK
DUHD LQ RUGHU WR RSWLPL]H HQHUJ\ XVH LQ KRPH VFHQDULR $ VLJQLஹ஭FDQW DPRXQW RI WKH HQHUJ\ GLVVLSDWHG
LQ WKHVH DUHDV FDQ EH VDYHG E\ ஹ஭QHWXQLQJ GHSOR\HG GHYLFHV DQG DSSOLDQFHV DFFRUGLQJ WR DFWXDO XVHU
QHHGV IRU LQVWDQFH PDQ\ UHVHDUFK HஸIRUWV KDYH EHHQ IRFXVHG RQ SURSRVLQJ إVPDUW WKHUPRVWDWVئ EDVHG
RQ RFFXSDQF\ SUHGLFWLRQ RU RQ PD[LPL]LQJ XVHU FRPIRUW E\ SURYLGLQJ DSSURSULDWH DUWLஹ஭FLDO OLJKWLQJ
EDVHG RQ WKH DFWLYLW\ FDUULHG RQ DW D JLYHQ PRPHQW
7KLV UHVHDUFK DUHD EHORQJV WR WKH JUHDWHU ஹ஭HOG RI $P, KRZHYHU ZKLOH WKH JHQHUDO VFRSH RI $P, LV
WR DSSO\ DUWLஹ஭FLDO LQWHOOLJHQFH WHFKQLTXHV WR WUDQVSDUHQWO\ VXSSRUW XVHUV LQ WKHLU HYHU\GD\ DFWLYLWLHV D
%(&0 V\VWHP FDQ EH GHஹ஭QHGPRUH VSHFLஹ஭FDOO\ DV D FRQWURO V\VWHP WKDW XVHV DUWLஹ஭FLDO LQWHOOLJHQFH DQG D
GLVWULEXWHG VHQVRU QHWZRUN IRUPRQLWRULQJ D EXLOGLQJ LQ RUGHU WR HQVXUH Hஸஹ஭FLHQW XVDJH RI WKH DYDLODEOH
HQHUJ\ VRXUFHV $ V\VWHP LPSOHPHQWLQJ WKLV DSSURDFK PXVW EH DEOH WR SUHGLFW WKH XVHUVأ FRXUVH RI
DFWLRQV LQ RUGHU WR FRSH ZLWK WKH LVVXH RI UHGXFLQJ HQHUJ\ FRQVXPSWLRQ ZLWKRXW QHJDWLYHO\ DஸIHFWLQJ

WKH XVHU H[SHULHQFH .HHSLQJ LQWUXVLYHQHVV DW D PLQLPXP LV HVVHQWLDO WR SURPRWH WKLV NLQG RI V\VWHPV
DQG WR DOORZ DFFHSWDQFH E\ D EURDG WDUJHW RI XVHUV LQ IDFW WKHLU LPSDFW RQ HQHUJ\ FRQVXPSWLRQ ZLOO
EH VLJQLஹ஭FDQW RQO\ LI WKH\ DUH XVHG DW D ODUJH VFDOH 6HYHUDO VWXGLHV HJ >@ KDYH VKRZQ WKDW D XVHU
FHQWULF RSWLPL]DWLRQ RI HQHUJ\ FRQVXPSWLRQ ZLWK QR SHUFHLYDEOH HஸIHFWV RQ XVHU FRPIRUW FDQ OHDG WR
VLJQLஹ஭FDQW HQHUJ\ VDYLQJ ,Q RWKHU ZRUGV WKH SULPDU\ JRDO RI HQHUJ\ VDYLQJ V\VWHPV LV WR DXWRPDWLFDOO\
DGDSW WR XVHU SUHIHUHQFHV WKLV VXJJHVWHG WR IROORZ WKH $P, SDUDGLJP ZKLFK UHTXLUHV PLQLPL]LQJ
XVHU LQWHUYHQWLRQ E\ إKLGLQJئ WKH V\VWHP ZLWKLQ WKH VXUURXQGLQJ HQYLURQPHQW ZKLOH VWLOO HQDEOLQJ
VXSSRUW WR WKH XVHUV IRU WKHLU HYHU\GD\OLIH DFWLYLWLHV
6XEVWDQWLDO UHVHDUFK HஸIRUW KDV EHHQ GHYRWHG WR DGGUHVV WKH FRPSOH[ LVVXHV UHODWHG WR WKH GHVLJQ RI
D %(&0 V\VWHP DQG PRVW SURSRVDOV DJUHH RQ WKH QHHG IRU DXWRPDWHG DSSURDFKHV WR HQHUJ\ GHPDQG
RSWLPL]DWLRQ WKH SUHVHQFH RI SHDNV LQ HQHUJ\ GHPDQG LV RIிHQ UHJDUGHG DV D V\PSWRP RI D VXERSWLPDO
VFKHGXOLQJ RI WKH XVH RI HOHFWULF DSSOLDQFHV DQG WKH DXWKRUV RI >@؞>@ IRU LQVWDQFH SRLQW RXW WKDW
HYHQ VWUDLJKWIRUZDUG DSSURDFKHV VXFK DV WXUQLQJ RஸI XQXVHG GHYLFHV FDQ EH YHU\ HஸIHFWLYH LQ WHUPV
RI HQHUJ\ VDYLQJ 7KH FKDOOHQJLQJ DVSHFW RI WKRVH SURSRVDOV LV WKHLU SRWHQWLDO LPSDFW RQ XVHU SHUFHS
WLRQ LI DXWRPDWHG HQHUJ\ VDYLQJ SROLFLHV DUH VR LQWUXVLYH DV WR EHFRPH D KLQGUDQFH WR WKH RYHUDOO XVHU
H[SHULHQFH WKH\ PLJKW KDUGO\ EH DFFHSWHG IURP KRXVHKROGHUV
7KH NH\ LV WR GHVLJQ D V\VWHP FDSDEOH RI DGDSWLQJ WR LWV XVHUVأ QHHGV LV WR FRUUHFWO\ LGHQWLI\ WKHLU
DFWLYLWLHV 6HYHUDO VWDWHRIWKHDUW SURSRVDOV DVVXPH WKH DYDLODELOLW\ RI FRQVLGHUDEOH D SULRUL NQRZOHGJH
ZKLFK PDNHV WKHP RIிHQ SURQH WR RYHUஹ஭WWLQJ 5HVXOWV REWDLQHG E\ WKHVH V\VWHPV GHSHQG RQ WKH SDU
WLFXODU IHDWXUHV RI WKH DSSOLFDWLRQ VFHQDULR DQG WKHLU DFWLYLW\PRGHOV DUH ஹ஭WWHG RQWR GDWD DV RSSRVHG WR
إHPHUJLQJئ IURP GDWD LWVHOI >@ WKLV PD\ EH D PDMRU LVVXH LI WKH JRDO LV WKH GHVLJQ RI D IXOO\ DGDSWLYH
DQG JHQHUDOL]DEOH V\VWHP 7KH V\VWHP SURSRVHG LQ WKLV FKDSWHU LV SDUWO\ LQVSLUHG WR WKH NH\ LGHDV SUH
VHQWHG LQ >@ DQG >@ 7KH DXWKRUV RI >@ LQ SDUWLFXODU SURFHHGLQJ IURP D VFHQDULR FKDUDFWHUL]HG
E\ VFDUFLW\ RI ODEHOHG GDWD DQG XQFHUWDLQW\ DERXW DFWLYLW\ JUDQXODULW\ VKRZHG WKDW IRUPDO JUDPPDUV
DUH VXLWDEOH WR FDSWXUH WKH LQKHUHQW VWUXFWXUH RI DFWLYLWLHV 7KHLU V\VWHP FDOOHG +HOL[ LQLWLDOO\ JHQHU
DWHV D YRFDEXODU\ FRPELQLQJ XQODEHOHG VHQVRU UHDGLQJV DQG DWWHPSWV WR LQFUHPHQWDOO\ PHUJH WKHP

E\ JURXSLQJ VLPLODU DFWLYLWLHV LQWR KLJKOHYHO RQHV *UDPPDU LQGXFWLRQ LV XVHG DV D WRRO IRU KHWHUR
JHQHRXV VHQVRU IXVLRQ LQ RUGHU WR EXLOG XS WKH VWUXFWXUH RI DFWLYLWLHV HDFK DFWLYLW\ LV UHJDUGHG DV D
FOXVWHU LQ D PXOWL GLPHQVLRQDO VSDFH ZKHUH WKH GDWD VWUHDPV FRPLQJ IURP WKH GLஸIHUHQW VHQVRUV SUHVHQW
LQ WKH PRQLWRUHG DUHD DUH UHSUHVHQWHG D KLHUDUFKLFDO VWUXFWXUH LV WKHQ LQGXFHG RQ WKLV VSDFH WKURXJK
VWDWLVWLFDO DQDO\VLV 7KH DXWKRUV RI >@ IRFXVHG RQ IRUPDOL]LQJ FRPSXWDWLRQDO PRGHOV IRU HYHU\GD\
KXPDQ DFWLYLWLHV WKH\ FODLP WKDW JOREDO VWUXFWXUDO LQIRUPDWLRQ DERXW DFWLYLWLHV FDQ EH HQFRGHG E\ XV
LQJ D VXEVHW RI WKHLU ORFDO HYHQW VXEVHTXHQFHV KHQFH DQ DFWLYLW\ LV GHஹ஭QHG DV D ஹ஭QLWH VHTXHQFH RI HYHQWV
H[SUHVVHG LQ WHUPV RI WKH REMHFWV SUHVHQW LQ WKH REVHUYHG HQYLURQPHQW ZKRVH IXQFWLRQDOLWLHV PD\ EH
QHHGHG IRU WKH H[HFXWLRQ RI D SDUWLFXODU DFWLYLW\ $Q HYHQW LV GHஹ஭QHG DV D VSHFLஹ஭F LQWHUDFWLRQ EHWZHHQ
WZR RUPRUH REMHFWV LQ D ஹ஭QLWH GXUDWLRQ RI WLPH DQG D OLVW RI NH\ REMHFWV IRU HDFK HQYLURQPHQW QHHGV WR
EH SURYLGHG DV D SULRUL NQRZOHGJH 7KLV DSSURDFK GRHV QRW QHHG WR UHO\ RQ SUHGHஹ஭QHG DFWLYLW\ PRG
HOV ZKRVH FUHDWLRQ LV W\SLFDOO\ YHU\ FKDOOHQJLQJ UDWKHU LW LV SRLQWHG RXW WKDW DQ DQDO\VLV RI FRQWLQXRXV
HYHQW VXEVHTXHQFHV VXஸஹ஭FHV WR GLVFRYHU DQG WUDFN HYHU\GD\ DFWLYLWLHV
,Q RUGHU WR WHVW WKH HஸIHFWLYHQHVV RI DFWLYLW\ UHFRJQLWLRQ IRU HQHUJ\ VDYLQJ D GDWD VHW LQFOXGLQJ ERWK
SRZHU FRQVXPSWLRQ DQG VHQVRU PHDVXUHPHQW ZRXOG EH QHHGHG KRZHYHU GHVSLWH WKH IDFW WKDW GDWD
VHWV DERXW DFWLYLW\ UHFRJQLWLRQ DV ZHOO DV DERXW SRZHU SURஹ஭OLQJ KDYH EHHQ LQGHSHQGHQWO\ FROOHFWHG
WR WKH EHVW RI P\ NQRZOHGJH QRQH LV DYDLODEOH WKDW HQFRPSDVVHV ERWK DVSHFWV 2QH RI WKH GDWD VHWV RI
WKH &HQWHU IRU $GYDQFHG 6WXGLॽ LQ $GDSWLYH 6\VWHPV &$6$6 SURMHFW >@ IRU LQVWDQFH FRQWDLQV
UHDGLQJV IURP D SRZHU PHWHU KRZHYHU LW SURYLGHV LQIRUPDWLRQ RQO\ DERXW WKH RYHUDOO FRQVXPSWLRQ
ZKLFK LV QRW YHU\ XVHIXO LQ WKH FRQWH[W RI DFWLYLW\ UHFRJQLWLRQ ZKHUH ஹ஭QHJUDLQHG HQHUJ\PRQLWRULQJ LV
QHHGHG 1DPHO\ DJJUHJDWHG LQIRUPDWLRQ DERXW HQHUJ\ FRQVXPSWLRQ RIிHQ OHDGV WR QRQ RSWLPDO FRQ
VXPSWLRQ FRQWURO ,QGHHG QHZ V\VWHPV KDYH EHHQ GHYHORSHG WR SURGXFH ஹ஭QHJUDLQHG HQHUJ\ UHSRUWV
DW DQ LQGLYLGXDOGHYLFH VFDOH >@ DOWKRXJK LQ WKH FRQWH[W RI WKH QHZ UHVHDUFK DUHD RI إHQHUJ\ UHSRUW
LQJئ ZKRVH DLP LV WKDW WR JXDUDQWHH D KLJKHU UHVROXWLRQ LQ PRQLWRULQJ HQHUJ\ FRQVXPSWLRQV ,Q WKLV
FRQWH[W D YHU\ SURPLVLQJ GDWD VHW SURYLGHG E\ WKH 6PDUW SURMHFW >@ ZDV FROOHFWHG E\ FRQWLQXRXVO\
JDWKHULQJPHDVXUHPHQWV IURP DZLGH UDQJH RI VHQVRUV DQGPHWHUV SODFHG LQ WKUHH GLஸIHUHQW KRXVHKROGV

KRZHYHU WKH VHQVRU VHW VKRXOG EH VLJQLஹ஭FDQWO\ HQULFKHG EHIRUH LW PD\ EH SURஹ஭WDEO\ XVHG IRU DFWLYLW\
GLVFRYHU\ DQG UHFRJQLWLRQ $ QDWXUDO DOWHUQDWLYH WR JDWKHULQJ DFWXDO PHDVXUHPHQWV FRQVLVWV LQ UHVRUW
LQJ WR XVH V\QWKHVL]HG RQHV HQHUJ\ GHPDQG VLPXODWLRQ LQ SDUWLFXODU KDV EHHQ ZLGHO\ GLVFXVVHG LQ
VFLHQWLஹ஭F OLWHUDWXUH 7KH DXWKRUV RI >@ GLVFXVV WKH XVH RI PRGHOV IRU HQGXVH HQHUJ\ FRQVXPSWLRQ
WKH\ SRLQW RXW WKDW UHVLGHQWLDO FRQVXPSWLRQ UHSUHVHQWV D VXEVWDQWLDO SDUW RI HQHUJ\ GHPDQG LQ HYHU\
FRXQWULHV DQG VXJJHVW D SDUWLWLRQ RIPRGHOLQJ WHFKQLTXHV IRU UHVLGHQWLDO HQHUJ\ FRQVXPSWLRQ LQWR WZR
PDMRU FODVVHV WRSGRZQ DQG ERWWRPXS DSSURDFKHV ,Q WKH IRUPHU FDVH QR LQGLYLGXDO KRXVH HQHUJ\
SURஹ஭OH LV EXLOW UDWKHU KLVWRULF GDWD LV DJJUHJDWHG DQG DQDO\]HG WR UHJUHVV WKH HQHUJ\PRGHO RI WKH ZKROH
KRXVLQJ VWRFN RQ WKH FRQWUDU\ LQ WKH ODWWHU FDVH HQHUJ\ FRQVXPSWLRQ LV HVWLPDWHG IRU D UHSUHVHQWDWLYH
VHW RI LQGLYLGXDO KRXVHV DQG LV ODWHU JHQHUDOL]HG WR IRUP WKH UHVLGHQWLDO FRQVXPSWLRQ PRGHO )RU WKH
SXUSRVHV RI WKLV DSSOLFDWLRQ WKH ERWWRPXS DSSURDFK LV PRUH LQWHUHVWLQJ LWV PDLQ GUDZEDFN LV WKH
QHHG IRU GHWDLOHG LQIRUPDWLRQ DERXW WKH KRPH HQYLURQPHQW WKH WUHQG RI FRPPRQ HQYLURQPHQWDO
PHDVXUHPHQWV PLJKW QHHG WR EH HVWLPDWHG RU VLPXODWHG >@ >@ VXSSOLHU ELOOLQJ GDWD IRU LQVWDQFH
LV SULYDWH LQIRUPDWLRQ DQG W\SLFDOO\ LW PD\ EH REWDLQHG RQO\ E\ GLVDJJUHJDWLRQ RQ WKH RYHUDOO FRQ
VXPSWLRQ RQ WKH RWKHU KDQG ERWWRPXS WHFKQLTXHV DUH RIிHQ WKH RQO\ PHDQV WR HYDOXDWH WKH LPSDFW
RI QHZ V\VWHPV RU WHFKQRORJLHV ZKLFK DUH OLNHO\ WR OHDG WR PRUH HஸIHFWLYH SRZHU XVDJH RSWLPL]DWLRQ
6RPH PRGHOLQJ WHFKQLTXHV IRU UHVLGHQWLDO SRZHU FRQVXPSWLRQ VLPXODWLRQ DUH UHYLHZHG LQ >@؞
>@ WKRVH SURSRVDOV VKDUH WKH LGHD WKDW UHDOLVWLF HQHUJ\ XVDJH VLPXODWLRQ GHSHQGV RQ WKUHH PDLQ IDF
WRUV RFFXSDQW EHKDYLRU LH DFWLYLWLHV DSSOLDQFH PRGHOV DQG D PRGHO RI HQHUJ\ FRQVXPSWLRQ SHU
DFWLYLW\ $ VOLJKWO\ GLஸIHUHQW DSSURDFK KLJKOLJKWLQJ WKH LPSRUWDQFH RI XVHU DFWLYLW\ VLPXODWLRQ ZDV
SURSRVHG LQ >@ ZKHUH D0DUNRY FKDLQ LV XVHG WR VLPXODWH XVHU SUHVHQFH DQG KDELWV PRGHOHG LQ WHUPV
RI QLQH HQHUJ\KXQJU\ DFWLYLWLHV VXFK DV IRU LQVWDQFH FRRNLQJ XVLQJ D SHUVRQDO ZRUNVWDWLRQ RU VLPSO\
EHLQJ DEVHQW 7KH ZRUN SUHVHQWHG LQ >@ SHUIRUPV HQHUJ\ GHPDQG VLPXODWLRQ E\ VXPPLQJ XS WKH
FRQWULEXWLRQ RI HDFK DSSOLDQFH LQ D GZHOOLQJ LQ D ERWWRPXS IDVKLRQ 7KH DXWKRUV VSHFLஹ஭FDOO\ IRFXV
RQ PRGHOLQJ XVHU إDFWLYH RFFXSDQF\ئ DQG FKDUDFWHUL]H DQ DFWLYLW\ WKURXJK D SURஹ஭OH VWRULQJ LWV LQFHS
WLRQ WLPH DQG GXUDWLRQ HDFK DFWLYLW\ SURஹ஭OH LV DVVLJQHG WR DQ DSSOLDQFH VWULFWO\ W\LQJ XVHU SUHVHQFH

WR HQHUJ\ FRQVXPSWLRQ WKLV FKRLFH DOVR DOORZV WR PRGHO GHSHQGHQFHV DQG WLPH FRUUHODWLRQV EHWZHHQ
DSSOLDQFHV
%HVLGHV GHWHFWLQJ XVHU DFWLYLWLHV DQG OLQNLQJ WKHP WR D FRQVXPSWLRQ SURஹ஭OH WKH XOWLPDWH WDVN RI D
%(&0V\VWHP LV WKH DFKLHYHPHQW RI VLJQLஹ஭FDQW HQHUJ\ VDYLQJ ,Q WKHSDVW \HDUV SDUWLFXODU DWWHQWLRQKDV
EHHQ GHYRWHG WR WKH VSHFLஹ஭F LVVXH RI DYRLGLQJ SHDNV LQ HQHUJ\ GHPDQG ZKLFK LV D YHU\ FRPSOH[ LVVXH
GXH WR WKH KLJK YDULDELOLW\ LQ XVHU FRQVXPSWLRQ GHPDQG DQG WR WKH OLPLWHG ஺ாH[LELOLW\ LQ VFKHGXOLQJ
LQ RUGHU QRW WR QHJDWLYHO\ DஸIHFW XVHU H[SHULHQFH PRUHRYHU SULFH SROLFLHV DGRSWHG E\ SURYLGHUV DUH
RIிHQ LQVXஸஹ஭FLHQW WR PRGLI\ XVHU KDELWV DQG ORZHU SHDN HQHUJ\ GHPDQG ,Q >@ >@ D GHPDQGVLGH
ORDG PDQDJHPHQW V\VWHP LV SURSRVHG VXLWDEOH WR EH LQWHJUDWHG LQ WKH IXWXUH 6PDUW *ULG WHFKQRORJ\
7KH SURSRVHG V\VWHP DFWV LQ UHDO WLPH LQWHUDFWLQJ ZLWK DSSOLDQFHV DQG XVHUV DQG DGRSWV D OD\HUHG
VWUXFWXUH SURFHVVLQJ GDWD FRPLQJ IURP DFWXDO RQOLQH FRQVXPSWLRQ DQG VFKHGXOH XVHU UHTXHVWV LQ
RUGHU WR EDODQFH HOHFWULFLW\ GHPDQG (DFK DSSOLDQFH LV PRGHOHG DV D ஹ஭QLWH VWDWH PDFKLQH WULJJHUHG
E\ HYHQWV JHQHUDWHG E\ XVHU RU WKH EDODQFLQJ V\VWHP 7KH FRUH RI WKH V\VWHP LV WKH DGPLVVLRQ FRQWURO
WKDWPDQDJHV DFFHVVHV WR SRZHU UHVRXUFH DQG FRQWUROV DSSOLDQFHV ,WV VFKHGXOLQJ DOJRULWKP LV KHXULVWLF
GULYHQ DQG ஹ஭QGV D JUHHG\ VROXWLRQ VR WKH RSWLPDOLW\ RI WKH VROXWLRQ LV QRW JXDUDQWHHG 7KH UHTXHVWV VHW
LV FKHFNHG DQG EDVHG RQ WKH VWDWH RI DSSOLDQFHV DQG WKH UHTXHVWHG SRZHU WKH V\VWHP GHFLGHV DERXW LWV
GHOLYHULQJ ,Q >@ WKH DXWKRUV SURSRVH D V\VWHP WR VFKHGXOH RQO\ WKH VRFDOOHG EDFNJURXQG ORDGV WKDW
LV UHIULJHUDWRUV GHKXPLGLஹ஭HUV DQG VR RQ $Q DOJRULWKP LQVSLUHG WR WKH ZHOONQRZQ (DUOLHVW 'HDGOLQH
)LUVW LV XVHG WKH DXWKRUV FODLP WKDW VFKHGXOLQJ QRQ EDFNJURXQG ORDGV PD\ KDYH DQ LPSDFW RQ XVHU
FRPIRUW VR WKH\ RSW DJDLQVW FRQWUROOLQJ WKHP )LQDOO\ WKH\ LQWURGXFH WKH FRQFHSW RI VODFN WKDW LV
WKH PD[LPXP DPRXQW RI WLPH D GHYLFH FDQ EH GLVFRQQHFWHG IURP SRZHU ZKLOH VWLOO JXDUDQWHHLQJ LWV
SHUIRUPDQFH HDFK ORDG LV DVVXPHG DEOH WR PDLQWDLQ DQ HVWLPDWH RI LWV UHPDLQLQJ VODFN WLPH $W ஹ஭[HG
LQWHUYDOV WKH DOJRULWKP FKHFNV WKH VODFN RI HDFK EDFNJURXQG ORDG DQG JLYHV SULRULW\ WR WKH RQHZLWK WKH
VPDOOHVW VODFN LI D ORDG UHDFKHV ]HUR VODFN WKHQ LW LV SRZHUHG RQ UHJDUGOHVV RI WKH LQFUHDVH LQ HQHUJ\ XVH
:KHQ WKH DJJUHJDWHG VXP RI EDFNJURXQG ORDGV SRZHU UHDFKHV D SUHஹ஭[HG WKUHVKROG QR RWKHU ORDGV DUH
SRZHUHG )LQDOO\ LQ WKH DSSURDFK SUHVHQWHG LQ >@ WKH SUREOHP RI VKDYLQJ SHDNV LQ HQHUJ\ GHPDQG

LV IRUPXODWHG DV DPL[HG LQWHJHU OLQHDU SURJUDP LQ DPL[HG LH UHQHZDEOH DQG QRQ UHQHZDEOH SRZHU
VRXUFH VFHQDULR $XWKRUV DLP DW LQYHVWLJDWLQJ WKH SRWHQWLDO RI D FRPELQHG RSWLPL]DWLRQ DSSURDFK WKDW
WDNHV LQWR DFFRXQW HYHU\ SRVVLEOH NLQG RI ORDGV QDPHO\ VKLIிDEOH VOLFHDEOH VWUHWFKDEOH RQHV DQG VR
RQ (DFK HQHUJ\GHPDQG WDVN LV FKDUDFWHUL]HG E\ D FRPSOHWLRQ GHDGOLQH ZKLOH HDFK GD\ LV GLYLGHG LQWR
HTXDO WLPH VOLFHV 7KH JRDO LV WR PLQLPL]H WKH FRPELQHG SRZHU RI DOO VOLFHV 6RPH FRQVWUDLQWV DUH WR EH
PHW IRU LQVWDQFH HDFK GHYLFH PD\ EH SRZHUHG E\ RQO\ RQH VRXUFH DQG WKH DPRXQW RI SRZHU QHHGHG
E\ VKLIிDEOH ORDGV LQ HDFK SHULRG LV FRQVWDQW
 /৙৕০ৢঢ়ৢ৛ 8১৙০+৕৖ঢ়২১ ৚ৣ০ (ৢ৙০৛৭ 6৕৪ঢ়ৢ৛
3HDNV RI HQHUJ\ FRQVXPSWLRQ FDQEH VKDYHGRஸI SE\ WUDFNLQJXVHU DFWLYLWLHV LQ RUGHU WRPRGLI\ WKH IXQF
WLRQLQJ SHULRG RI DSSOLDQFHV WKDW DUH QRW LPPHGLDWHO\ XVHIXO IRU WKH FXUUHQW WDVN WKH DSSURDFK DLPV WR
ORZHU HQHUJ\ GHPDQG LQ WKH SUR[LPLW\ RI SUHGLFWHG SHDN ORDGV VR DV WR NHHS WKH RYHUDOO FRQVXPSWLRQ
EHORZ D SUHVHW WKUHVKROG ,Q RUGHU IRU WKH V\VWHP WR SHUIRUP HஸIHFWLYHO\ DQG WR EH JHQHUDOL]DEOH WR
SUHYLRXVO\ XQIRUHVHHQ VFHQDULRV LW QHHGV WR FDSWXUH DQG IRUPDOL]H WKH DFWLYLWLHV WKDW DFWXDOO\ DFFRXQW
IRU XVHU KDELWV
*HQHUDO D SULRUL PRGHOV RI DFWLYLWLHV DSSURSULDWH WR H[HPSOLI\ WKH EHKDYLRU RI DQ\ SRVVLEOH NLQG
RI XVHU DUH WRR FRPSOH[ WR EH UHDOLVWLFDOO\ IHDVLEOH 'HVLJQHUV DUH W\SLFDOO\ DEOH WR H[SODLQ ZKDW DQ DF
WLYLW\ LV LQ WHUPV RI WKH VHQVRU VHW DFWXDOO\ GHSOR\HG EXW WKH\ VHOGRP VXFFHHG LQ GHVFULELQJ KRZ HDFK
DFWLYLW\ FDQ SRVVLEO\ EH FDUULHG RXW E\ HYHU\ XVHU $FFXUDWHO\ GLVFRYHULQJ XVHU DFWLYLWLHV DQG OHDUQLQJ
UHOLDEOHPRGHOV IRU WKHP LV KRZHYHU D YHU\ FKDOOHQJLQJ WDVN VR DQ LQLWLDO SUHSURFHVVLQJ VWHS LV LQFOXGHG
IXOஹ஭OOLQJ WZRPDLQ JRDOV IRFXVLQJ IXWXUH FRPSXWDWLRQ RQ WKHPRUH LQWHUHVWLQJ ELWV RI GDWD DQG LGHQ
WLI\LQJ HYHQWV KHQFH WKH RULJLQDO XQGLVWLQJXLVKHG VWUHDP RI VHQVRU UHDGLQJV FDQ EH WUDQVODWHG LQ D
PRUH PHDQLQJIXO VWUHDP RI HYHQWV
)LJXUH  VKRZV WKH RYHUDOO DUFKLWHFWXUH SURSRVHG LQ WKLV FKDSWHU HQHUJ\ FRQVXPSWLRQ PRGHOLQJ
LV LPSOHPHQWHG E\ WKH (QHUং 'HPDQG 6LPXODWRU ('6 EORFN ZKHUHDV HQHUJ\ VDYLQJ DOJRULWKP






























)LJXUH  (QHUJ\ GHPDQG RSWLPL]DWLRQ YLD DFWLYLW\ UHFRJQLWLRQ RYHUYLHZ RI WKH ZKROH V\VWHP
LV UHSUHVHQWHG E\ WKH $FWLYLW\ 0RGHO %XLOGHU $0% DQG $FWLYLW\ 5HFRJQL]HU DQG 7UDFNHU $57
SUHFHGHG E\ D 3UHSURFHVVLQJ EORFN 7KH $0% LV GHYRWHG WR SURYLGH PRGHOV RI WKH PRVW FRPPRQ XVHU
DFWLYLWLHV ZKLFK ZLOO EH XVHG E\ WKH $57PRGXOH IRU RQOLQH UHFRJQLWLRQ DQ RSWLPDO HQHUJ\ SODQPD\
WKXV E\ HODERUDWHG E\ WKH ('2PRGXOH RQ WKH EDVLV RI WKH HQHUJ\ GHPDQG SURYLGHG E\ WKH ('6 WKH
UHFRJQL]HG DQG SUHGLFWHG DFWLYLWLHV DQG D XVHU SODQ FRQWDLQLQJ WKH WDVNV WR EH H[HFXWHG LQ D JLYHQ WLPH
LQWHUYDO
,Q WKH IROORZLQJ WKH GHWDLOHG GHVFULSWLRQV IRU HDFK RI WKH PHQWLRQHG PRGXOHV DUH SURYLGHG
 )০ৣৡ ১৙ৢ১ৣ০ ০৙৕৘ঢ়ৢ৛১ ২ৣ ৕ ৗৣৡ৤০৙১১৙৘ ৙৪৙ৢ২ ১২০৙৕ৡ
$EDVLF DVVXPSWLRQ LV WKDW D SHUYDVLYH GHSOR\PHQW RI KHWHURJHQHRXV VHQVRUV LV DYDLODEOH RYHU WKHPRQ
LWRUHG HQYLURQPHQW ,Q RUGHU WR GLVFRYHU KLGGHQ UHODWLRQV EHWZHHQ VHQVRU WULJJHUV RULJLQDWHG E\ GLI
IHUHQW VRXUFHV D SUHSURFHVVLQJ VWHS LV QHHGHG VHQVRU UHDGLQJV FDQ EHPHUJHG WR IRUP WHPSODWHV IRU WKH
PRVW FRPPRQ HYHQWV ZKLFK FDQ EH GHஹ஭QHG DV VLJQLஹ஭FDQW IUHTXHQWO\ FRRFFXUULQJ WULJJHUV
3HUIRUPLQJ DQ DFWLYLW\ ZLOO JHQHUDWH D JUHDW QXPEHU RI VHQVRU UHDGLQJV IRU LQVWDQFH EUHDNIDVW
SUHSDUDWLRQ PD\ LQYROYH SUR[LPLW\ VHQVRUV WR WKH FXSERDUG WR WKH RYHQ HWF LWHP VHQVRUV WRDVWHU
FRஸIHHPDNHU WDSV DQG HQYLURQPHQWDO VHQVRUV WHPSHUDWXUH ZDWHU ஺ாRZ ZKRVH VWDWH PD\ EH UHSUH
VHQWHGE\ D ELQDU\GLVFUHWHRU FRQWLQXRॿ YDULDEOH UHVSHFWLYHO\ $ WULঃHU LV GHஹ஭QHG DV WKHSDLU FRPSRVHG

1Ϭ݂ਓ͡΀ͤ ͤ΀͟ਔ ͢͠ ਓ͠΀ͤ͡ ͠΀ͤਔ ͣ͠ ਓ͟΀ͦͤ ͡ਔ ͢͠ ਓ͟΀ͤ ͠΀ͤਔ ͣ͠















)LJXUH  7ZR VDPSOH HYHQWV H[WUDFWHG E\ WKH DOJRULWKP 1Ϭ FDSWXUHV WKH XVHU ZDONLQJ WRZDUG WKH NLWFKHQ ZKLOH
1ϭ FRUUHVSRQGV WR XVLQJ WKH NLWFKHQ IDXFHW IRU ZDVKLQJ 7KHPD[LPXP GXUDWLRQ RI HYHQWV IRU WHPSODWH DEVWUDFWLRQ
ZDV VHW WR V LQ ERWK FDVHV
E\ VHQVRU ,' DQG VHQVRU VWDWH
5HSUHVHQWDWLYH LQIRUPDWLRQ PXVW EH H[WUDFWHG IURP D VHULHV RI UDZ VHQVRU WULJJHUV WR WKLV HQG D
VSHFLஹ஭F ODQJXDJH LV GHYVHG ZKHUH DQ HYHQW LV GHஹ஭QHG LQ WHUPV RI WULJJHUV DFFRUGLQJ WR WKH IROORZLQJ
V\QWD[
1
 ਓ0-($) 0-(3ਔ /-$"
 < ਓ"+($) "+(3ਔ /-$"
 >
$FFRUGLQJ WR WKLV GHஹ஭QLWLRQ HDFK HYHQW LV LGHQWLஹ஭HG E\ WKH PLQLPXP DQG PD[LPXP H[SHFWHG
GXUDWLRQ RI WKH ZKROH VHTXHQFH DQ LQLWLDO WULJJHU IROORZHG E\ DQ RSWLRQDO VHTXHQFH RI WULJJHUV ZLWK
LQWHUYHQLQJ JDSV RI GXUDWLRQ LQ WKH UDQJH β"+($)΁ "+(3γ $Q H[DPSOH RI WZR HYHQWV H[WUDFWHG
E\ DOJRULWKP SURSRVHG LQ WKLV FKDSWHU LV VKRZQ LQ )LJXUH 
,QLWLDOO\ WKH PRVW IUHTXHQW SDLUV RI WULJJHU RFFXUUHQFHV DUH VHOHFWHG YLD D VOLGLQJ ZLQGRZ DOJR
ULWKP WKDW ஹ஭OWHUV RXW SDLUV ZKRVH GXUDWLRQ ZRXOG QRW VDWLVI\ VHDUFK FULWHULD PRUHRYHU LQ RUGHU WR
VHOHFW PHDQLQJIXO LWHPV DGGLWLRQDO FRQVWUDLQWV DUH LPSRVHG DSSO\LQJ D ORZHU ERXQG RQ WKH DFFHSWDEOH
IUHTXHQF\ ᇆfreq  ᇋfreq  ϵ ੁ ᇐfreq
ZKHUH PHDQᇋfreq DQG VWDQGDUG GHYLDWLRQ ᇐfreq DUH FRPSXWHG RYHU WKH IUHTXHQFLHV RI DOO SDLUV
3DLUV RI WULJJHUV PD\ DOUHDG\ EH FRQVLGHUHG DV HOHPHQWDU\ HYHQW WHPSODWHV DQG PD\ EH H[SDQGHG
E\ LWHUDWLYHO\ DGGLQJPRUH WULJJHUV WR WKHP ,Q RUGHU WR GLVFRYHU WKHPRVW IUHTXHQW WULJJHUV FRPSULVHG

ZLWKLQ HDFK SDLU LI DQ\ WKH FRQGLWLRQDO SUREDELOLW\ WKDW D WULJJHU IDOOV ZLWKLQ D JLYHQ SDLU LV H[SORLWHG
8SRQ DGGLQJ D QHZ WULJJHU WR D VHTXHQFH WKH DOJRULWKP ORRNV IRU WKH QH[W SRVVLEOH YDOXH PD[LPL]LQJ
WKH XSGDWHG FRQGLWLRQDO SUREDELOLW\ DGGLWLRQ RI D WULJJHU PD\ UHGXFH EXW QHYHU LQFUHDVH WKH QXPEHU
RI RFFXUUHQFHV RI D VHTXHQFH LQ WKH RYHUDOO WULJJHU VHTXHQFH VR WKH LWHUDWLYH SURFHGXUH ZLOO WHUPLQDWH
ZKHQ VXFK QXPEHU IDOOV EHORZ D SUHVHW YDOXH
$V D ஹ஭QDO VWHS DOO EDVLF HYHQWV PDGH XS RI D VLQJOH WULJJHU DUH DGGHG WR WKH QHZO\ IRXQG WHPSODWHV
WKXV SURGXFLQJ D FRPSOHWH OLVW RI WHPSODWHV VRUWHG E\ WKHLU UHODWLYH IUHTXHQF\ LQ WKH VHTXHQFH
'LVFRYHULQJ WKH SRVVLEOH OLVW RI HYHQW WHPSODWHV HQDEOHV IRU VFDQQLQJ SUHYLRXVO\ XQVHHQ WULJJHU
VHTXHQFHV LQ RUGHU WR LGHQWLI\ WKH DFWXDO RFFXUUHQFHV RI HYHQWV FRQWDLQHG WKHUHLQ
7KLV VWHS LV DFFRPSOLVKHG E\ 6WULQJ P$WFKLQJ ZLWK Z,OGFDUGV DQG /HQJWK FRQVWUDLQWV 6$,/ >@
DQ RQOLQH DOJRULWKP DEOH WR ORFDWH SDWWHUQV DV VRRQ DV WKH\ DSSHDU LQ WKH VHTXHQFH ZKLFKZDVPRGLஹ஭HG
WR DFFRXQW IRU UHSUHVHQWDWLRQ RI HYHQWV DQG WULJJHUV
"MHPSJUINVT  ([WUDFW $OSKDEHW IRU HYHQW HQFRGLQJ
*OQVU VWULQJӺ LQW ԝֈք։ ԝֈռ֓
0VUQVU DOSKDEHWဋ
 nlist࠳ H[WUDFWBQJUDPV	Ӻ ԝֈք։ ԝֈռ֓

 ဋ ࠳ ૢ






  ᅲվ֊ֈ֋ UIFO
 SFUVSOဋ
 FMTF
 ဋ ࠳ ဋ૏\ngram^
 nlist࠳ nlist਷ \ngram^
 Ӻ ࠳ GHOHWH	Ӻ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7KH XVH RI 6$,/ WUDQVIRUPV WKH WULঃHU VHTXHQFH LQWR DQ HYHQW VHTXHQFH UHDG\ WR EH VFDQQHG WR
ஹ஭QG IUHTXHQW DQG UHOHYDQW SDWWHUQV UHSUHVHQWLQJ KLJKOHYHO DFWLYLWLHV ,QIRUPDWLRQ WKHRU\ SULQFLSOHV

DUH XVHG LQ RUGHU WR NHHS WKLV SUREOHPPDQDJHDEOH DQG WR FRSH ZLWK WKH FRPSOH[LW\ RI H[SORULQJ WKH
VHDUFK VSDFH (YHQW VHTXHQFH LV FRPSUHVVHG E\ ORVV\ RSWLPDO FRGLQJ VR WKDW HYHQWV ZLWK ORZ LQIRU
PDWLRQ FRQWHQW ZLOO EH GLVFDUGHG LQ RWKHU ZRUGV WKH PRVW UHOHYDQW SDWWHUQV ZLOO EH WKRVH WKDW EHWWHU
GHVFULEH WKH ZKROH VHTXHQFH DFFRUGLQJ WR WKH 0'/ SULQFLSOH >@ DGGLWLRQDOO\ WKH FRPSUHVVLRQ RI
WKH HYHQW VHTXHQFH DOORZV IRU D GHFUHDVH LQ WKH FRPSXWDWLRQDO FRVW RI ODWHU SURFHVVLQJ WKXV FRSLQJZLWK
WKH H[SRQHQWLDO FRPSOH[LW\ RI IUHTXHQW HYHQW SDWWHUQ PLQLQJ
&RPSUHVVLRQ DOJRULWKP IRU DFWLYLW\ GLVFRYHU\ LV LQVSLUHG WR DULWKPHWLF FRGLQJ DQG HQWURS\EDVHG
DSSURDFKHV ,Q RUGHU WR ஹ஭QG DQ RSWLPDO HQFRGLQJ IRU WKH HYHQW VHTXHQFHզ SURGXFHG E\ 6$,/ LW LV
UHJDUGHG DV D VWULQJ RI V\PEROV RYHU WKH DOSKDEHW RI HYHQW ,'V $OJRULWKP  VKRZV WKH SVHXGRFRGH IRU
WKH FRPSUHVVLRQ DOJRULWKP
%RUURZLQJ WKH WHUPLQRORJ\ IURP LQIRUPDWLRQ WKHRU\ DQ։JUDP LV D VXEVHTXHQFH RI ։ FRQWLJX
RXV LWHPV IURP D JLYHQ VWULQJ VR WKH JRDO LV WR WUDQVODWH WKH RULJLQDO VHTXHQFH XVLQJ D QHZ DOSKDEHW
ZKRVH V\PEROV DUH WKH PRVW VLJQLஹ஭FDQW ։JUDPV LQզ /LQH  RI WKH DOJRULWKP H[WUDFWV WKH OLVW RI ։
JUDPV RI VL]H EHWZHHQ։PLQ DQG։PD[ WRJHWKHU ZLWK WKHLU IUHTXHQFLHV
7KH DOJRULWKP WKHQ SURFHHGV LWHUDWLYHO\ OLQHV  7KH ։JUDPV DUH VRUWHG DFFRUGLQJ WR WKH
0'/ SULQFLSOH EDVLFDOO\ HDFK RI WKHP LV YLHZHG DV D SRWHQWLDO QHZ V\PERO RI WKH DOSKDEHW DQG WKH
OHQJWK RI VWULQJզ LV UHFRPSXWHG DFFRUGLQJO\ XVLQJ D ELQDU\ HQFRGLQJ WKH։JUDPV DUH VRUWHG DFFRUG
LQJ WR WKH GHJUHH RI FRPSUHVVLRQ WKH FDQ SURGXFH DQG WKH ։JUDP SURGXFLQJ WKH EHVW FRPSUHVVLRQ
LV FKRVHQ OLQHV  ,Q WKH IROORZLQJ LQVWUXFWLRQV WKH IUHTXHQFLHV RI WKH UHPDLQLQJ ։JUDPV DUH XS
GDWHG DYRLGLQJ RYHUODSSLQJ WKH LWHUDWLRQ VWRSV ZKHQ QR ։JUDP LV DEOH WR SURGXFH D FRPSUHVVLRQ
UDWH DERYH WKH FKRVHQ ᇆվ֊ֈ֋ WKUHVKROG &RQYHUJHQFH LV HQVXUHG VLQFH DGGLWLRQ RI DQ։JUDP WR WKH DO
SKDEHW PD\ RQO\ FDXVH WKH IUHTXHQFLHV RI WKH UHPDLQLQJ։JUDPV KHQFH WKHLU SRWHQWLDO FRPSUHVVLRQ
UDWH WR GHFUHDVH 7KH DOJRULWKP WKHQ UHWXUQV WKH։JUDP DOSKDEHW UHVXOWLQJ LQ EHWWHU HQFRGLQJ
2QFH D VKRUWHU YHUVLRQ զճ RI WKH HYHQW VHTXHQFH LV REWDLQHG WKDQNV WR WKH QHZ HQFRGLQJ WKH
PRVW IUHTXHQW SDWWHUQV KDYH WR EH GLVFRYHUHG
7KH HQWLUH SUHSURFHVVLQJ DOJRULWKP LV VKRZQ LQ )LJXUH 

)LJXUH  7KH SUHSURFHVVLQJPRGXOH
 'ঢ়১ৗৣ৪৙০ঢ়ৢ৛ ৡৣ৘৙ৠঢ়ৢ৛ ৕ৢ৘ ২০৕ৗয়ঢ়ৢ৛ ৩১৙০ ৕ৗ২ঢ়৪ঢ়২ঢ়৙১
$FWLYLW\ GLVFRYHU\ LV IRUPXODWHG DV D GDWD PLQLQJ SUREOHP DQG IUHTXHQW UHFXUUHQW HYHQW SDWWHUQV DUH
UHJDUGHG DV LQVWDQFHV RI WKH \HW XQNQRZQ DFWLYLWLHV )LJXUH  GHSLFWV WKH SURFHVV RI LQIRUPDWLRQ
UHஹ஭QHPHQW XQGHUO\LQJ WKLV DSSURDFK WKH V\VWHP DWWHPSWV WR LQIHU PRGHOV IRU DFWLYLWLHV GHஹ஭QHG DV UH
FXUVLYH VWUXFWXUॽ V\PEROLFDOO\ H[SUHVVHG LQ WHUPV RI D EDVLF إDOSKDEHWئ WKH SURFHVV VWDUWV E\ LGHQWLI\LQJ
UHOHYDQW HYHQWV ZKLFK LQ WKLV FRQWH[W PD\ EH WKRXJKW RI DV VKRUW DQG UHFXUUHQW VHTXHQFHV RI WULJJHUV
LH UDZ VHQVRU UHDGLQJV 7KLV E\SDVVHV WKH GLஸஹ஭FXOW\ RI FUHDWLQJ D UHOLDEOH PRGHO RI DQ DFWLYLW\ GLUHFWO\
LQ WHUPV RI VHQVRU\ WULJJHUV RU VXSSRVHG LQWHUDFWLRQV EHWZHHQ XVHUV DQG WKHLU KRPH DSSOLDQFHV
2WKHU SURSRVDOV DGRSW D VLPLODU DSSURDFK EXW RIிHQ UHO\ RQ VXSHUYLVHG DOJRULWKPVZLWK WKH DLPRI
ORRNLQJ IRU D WUDQVODWLRQ RI D SUHGHஹ஭QHGPRGHO RI DFWLYLW\ LQWR GDWD KRZHYHU H[SODLQLQJ GDWD WKURXJK
PRGHO HVWDEOLVKHG LQ DGYDQFH LPSOLHV VRPH FRQVWUDLQWV DQG OLPLWDWLRQV IRU LQVWDQFH DOO XVHUV DUH VXS
SRVHG WR FDUU\ RXW WKH VDPH DFWLYLWLHV LQ D YHU\ VLPLODU ZD\ DQG D JUHDW DPRXQW RI GDWD KDV WR EH FRO
OHFWHG DQG FRQVLVWHQWO\ ODEHOHG LQ RUGHU WR FUHDWH D VXஸஹ஭FLHQWO\ ODUJH WUDLQLQJ VHW
,Q RUGHU WR KDYH DFWLYLWLHV QDWXUDOO\ HPHUJH IURP VHQVRU REVHUYDWLRQV WKH$0% ORRNV IRU UHFXUUHQW
VWUXFWXUHV JLYHQ WKH HYHQW VHTXHQFH REWDLQHG IURP0'/ HQFRGLQJ WKH PRVW IUHTXHQW SDWWHUQV KDYH
WR EH GLVFRYHUHG
$0% PRGXOH LV EDVHG RQ D PRGLஹ஭HG YHUVLRQ RI 'LVFRQWLQXRॿ 9DULHGRUGHU 6HTXHQWLDO 0LQHU























)LJXUH  7KH SURFHVV RI DFWLYLW\ GLVFRYHU\ DV DQ LGHQWLĆFDWLRQ RI UHFXUUHQW VWUXFWXUDO SDWWHUQV
GLGDWH JHQHUDWLRQ IXQFWLRQ D SUXQLQJ IXQFWLRQ D FDQGLGDWH VHW DQG D IUHTXHQW SDWWHUQ VHW ,QLWLDOO\ D
FDQGLGDWH VHW LV JHQHUDWHG E\ FRQVLGHULQJ WKH SUXQHG VHW RI DOO SDLUV RI FRQVHFXWLYH HYHQWV LQզճ 7KH
LGHD RI WKH DOJRULWKP LV WKDW HDFK SDWWHUQ LQ WKH FDQGLGDWH VHW LV H[SDQGHG DW HDFK LWHUDWLRQ DFFRUGLQJ
WR D JHQHUDWLRQ IXQFWLRQ 1HZ SDWWHUQV DUH FKHFNHG DJDLQVW D SUXQLQJ IXQFWLRQ DQG RQO\ WKH RQHV
VXUYLYLQJ SUXQLQJ DUH DGGHG WR WKH QHZ FDQGLGDWH VHW 2QO\ WKRVH SDWWHUQV ZKRVH H[SDQVLRQV DUH DOO
GLVFDUGHG LH WKH\ DUH QRW إFRYHUHGئ E\ WKHLU H[SDQVLRQV ZLOO EH SDUW RI WKH IUHTXHQW SDWWHUQ VHW
7KH DOJRULWKP VWRSV ZKHQ WKH FDQGLGDWH VHW LV HPSW\ 7KH FDQGLGDWH JHQHUDWLRQ IXQFWLRQ H[SDQGV D
SDWWHUQ E\ DGGLQJ WKH SUHYLRXV DQG WKH VXEVHTXHQW HYHQW LQզճ LQ RUGHU WR FUHDWH WZR QHZ SDWWHUQV
7KH SUXQLQJ IXQFWLRQ LV EDVHG RQ WKH 0'/ SULQFLSOH DQG GLVFDUGV WKRVH VHWV RI SDWWHUQV XQDEOH WR
SURGXFH D VXஸஹ஭FLHQW FRPSUHVVLRQ UDWH IRUզ DFFRUGLQJ WR D SUHGHஹ஭QHG WKUHVKROG
,Q RUGHU WR FRPSXWH WKH FRPSUHVVLRQ UDWH '960 LWHUDWLYHO\ FUHDWHV D KLHUDUFKLFDO VWUXFWXUH DW
HDFK VWHS YDULDWLRQV RI VLPLODU SDWWHUQV LQ WHUPV RI WKH /HYHQVKWHLQ GLVWDQFH >@ DUH JURXSHG WRJHWKHU
LQWR JHQHUDO SDWWHUQV 7KH FRPSUHVVLRQ UDWHV RI YDULDWLRQV DQG JHQHUDO SDWWHUQV DUH FKHFNHG DJDLQVW

)LJXUH  7KH $0%PRGXOH
WZR WKUHVKROG YDOXHVդ DQGդ֑ UHVSHFWLYHO\











ZKHUHռ LV D JHQHUDO SDWWHUQռք RQH RI LWV YDULDWLRQVDL	ੁ
 D PHDVXUH RI WKH GHVFULSWLRQ OHQJWK DQG္
LV D FRQWLQXLW\ PHDVXUH RI WKH SDWWHUQ DV LQ >@
7KH ஹ஭QDO IUHTXHQW SDWWHUQ VHW UHWXUQHG E\'960 FRQWDLQV WKHPRVW UHOHYDQW SDWWHUQV ZKLFK ZLOO
EH FOXVWHUHG LQWR PHDQLQJIXO FODVVHV WR REWDLQ WKH GLVFRYHUHG DFWLYLWLHV E\ LQWHJUDWLQJ WHPSRUDO LQ
IRUPDWLRQ ZLWK RWKHU IHDWXUHV RI LQWHUHVW VXFK DV FRPSRVLWLRQ VLPLODULW\ ZLWK DQ DSSURDFK VLPLODU
WR >@ 7KLV VWHS LV DFFRPSOLVKHG E\ ֆPHGRLGV D YDULDQW RI WKH ZHOONQRZQ ֆPHDQV FOXVWHULQJ
ZKHUH UHSUHVHQWDWLYH SRLQWV DUH ERXQG WR EHORQJ WR WKH LQLWLDO GDWDVHW ֆPHGRLGV XVHV D GLVVLPLODU
LW\ PHDVXUH FRPSXWHG RYHU DOO WKH SRVVLEOH SDLUV RI SRLQWV JLYLQJ LW PRUH UREXVWQHVV WKDQ WUDGLWLRQDOֆPHDQV PHDVXUHV ZLWK UHVSHFW WR QRLVH DQG RXWOLHUV >@ 6LPLODUO\ WR ֆPHDQV WKH QXPEHU RI SDUWL
WLRQV LV D SDUDPHWHU FKRVHQ E\ WKH XVHU
7KH FKRVHQ GLVVLPLODULW\ PHDVXUH UH஺ாHFWV GHஹ஭QLWLRQ RI SDWWHUQ GLVVLPLODULW\ DFFRUGLQJ WR WKH 7
SDWWHUQ PRGHO DQG FRQVLVWV RI WKUHH FRPSRQHQWV
؞ FDXVDOLW\ LV H[SUHVVHG E\ WKH RUGHU RI WKH HYHQWV LQ WKH SDWWHUQ HDUOLHU RFFXUUHQFHV ZLWKLQ WKH
SDWWHUQPD\ SURYLGH DQ H[SODQDWLRQ IRU RFFXUUHQFHV IRXQG ODWHU RQ WKHUHIRUH WKHPRUH GLVVLP
LODU WZR SDWWHUQV DUH ZLWK UHVSHFW WR WKH RUGHU RI WKHLU HYHQWV WKH KLJKHU WKH SUREDELOLW\ WKDW

WKH\ UHSUHVHQW LQVWDQFHV RI GLஸIHUHQW DFWLYLWLHV ,Q WKLV DSSURDFK FDXVDOLW\ LV LPSOHPHQWHG E\
PHDQV RI WKH /HYHQVKWHLQ GLVWDQFH
؞ FULWLFDO LQWHUYDOV GHDO ZLWK WKH UHODWLRQV EHWZHHQ WKH GLVWULEXWLRQV RI FRPSRQHQWV RI D SDWWHUQ
LQ RWKHU ZRUGV WKLV PHDVXUH FRQVLGHUV WKH WLPH GLVWDQFHV EHWZHHQ FRQVHFXWLYH FRPSRQHQWV
7KH FRUUHVSRQGLQJ IXQFWLRQ PHDVXUHV WHPSRUDO LQIRUPDWLRQ DERXW WKH SDWWHUQ HOHPHQW WLPH
RI GD\ GXUDWLRQ HWF DQG FOHDUO\ WKH GLVWDQFH EHWZHHQ WZR GLஸIHUHQW FRPSRQHQWV
؞ WKH VRFDOOHGPLVVLQJ FRPSRQHQWV LH WKH GLஸIHUHQFHV EHWZHHQ WKH HYHQWV SUHVHQW LQ WZRSDWWHUQV
DUH GHWHUPLQHG EDVHG RQ WKH EHVW SDLU RI FRUUHVSRQGLQJ HYHQWV EHWZHHQ WZR SDWWHUQV LI DQ\
,Q RUGHU WR FKRRVH WKH EHVW SDUWLWLRQLQJ RI WKH RULJLQDO SDWWHUQ VHW WKH DOJRULWKP LV UXQ PXOWLSOH
WLPHV ZLWK GLஸIHUHQW LQLWLDO UDQGRP UHSUHVHQWDWLYH SRLQWV ,Q WKH HQG WKH SDUWLWLRQ WKDW DFKLHYHV WKH
EHVW RYHUDOO GLVVLPLODULW\ PHDVXUH DPRQJ WKH REWDLQHG FOXVWHUV LV FKRVHQ 6XFK FOXVWHUV FRQVWLWXWH WKH
VRFDOOHG GLVFRYHUHG DFWLYLWLHV LH DFWLYLWLHV HPHUJLQJ IURP FROOHFWHG GDWD
7KH VRIிZDUH PRGXOHV LQYROYHG LQ DFWLYLW\ GLVFRYHU\ DQG PRGHOLQJ DUH UHSUHVHQWHG LQ )LJXUH 
,Q WKH ODVW SKDVH WKH IHDWXUHV RI WKH REWDLQHG FOXVWHUV DUH HQFRGHG LQWR PRGHOV UHSUHVHQWLQJ WKH
GLVFRYHUHG DFWLYLWLHV $Q DSSURDFK EDVHG RQ ERRVWLQJ ZDV DGRSWHG +00V >@ DUH XVHG WR GHVFULEH
DFWLYLWLHV DQ+00 LV WUDLQHG IRU HDFK GLVFRYHUHG DFWLYLW\ XVLQJ WKH FRUUHVSRQGLQJ FOXVWHU VHW DV WUDLQ
LQJ VHW ,Q WKH UHFRJQLWLRQ SKDVH D ZLQGRZ RI ஹ஭[HG VL]H LV VOLG RYHU WKH LQSXW HYHQWV DQG DQ DFWLYLW\
ODEHO LV DVVLJQHG WR WKH ODVW HYHQW LQ WKH ZLQGRZ DFFRUGLQJ WR WKH +00 WKDW DFKLHYHV WKH KLJKHU SRV
WHULRU SUREDELOLW\ LQ FRUUHVSRQGHQFH WR WKDW HYHQW
2QFH PRGHOV IRU DFWLYLWLHV DUH DYDLODEOH WKH $57PD\ SURFHVV WKH LQFRPLQJ VWUHDP RI VHQVRU WULJ
JHUV FRQYHUW WKHP LQWR HYHQW VHTXHQFHV DQG XVH D VOLGLQJ ZLQGRZ RQ WKHP LQ RUGHU WR UHFRJQL]H WKH
FXUUHQW DFWLYLW\ WKH ODEHO DVVLJQHG WR WKH ODVW HOHPHQW RI WKH ZLQGRZ LV WKDW RI WKH DFWLYLW\ FRUUHVSRQG
LQJ WR WKH +00 WKDW PD[LPL]HV WKH SRVWHULRU SUREDELOLW\

 2৤২ঢ়ৡঢ়৮ঢ়ৢ৛ (ৢ৙০৛৭ '৙ৡ৕ৢ৘ ৖৭ 3৙৕য় 6ড়৕৪ঢ়ৢ৛
(QHUJ\ GHPDQG RSWLPL]DWLRQ LV EDVHG RQ WKH DVVXPSWLRQ WKDW UHFRJQL]LQJ XVHU DFWLYLWLHV DXWRPDWLFDOO\
DQG QRQ GLVUXSWLYHO\ IRU WKH LQKDELWDQWV RI WKH PRQLWRUHG HQYLURQPHQW LV WKH NH\ WR HஸIHFWLYH HQHUJ\
GHPDQG RSWLPL]DWLRQ WR WKH EHVW RI P\ NQRZOHGJH QR FRPSUHKHQVLYH GDWDVHW LV DYDLODEOH WR GDWH
ZLWK GHWDLOV DERXW SRZHU SURஹ஭OLQJ DQG WKH FRUUHVSRQGLQJ LQIRUPDWLRQ DERXW XVHU DFWLYLWLHV +RZHYHU
D IHZ UHSRVLWRULHV KDYH EHHQ FUHDWHG LQ WKH FRQWH[W RI SHUYDVLYH PRQLWRULQJ IRU DFWLYLW\ UHFRJQLWLRQ YLD
VLPSOH RஸIWKHVKHOI VHQVRUV VXFK SXEOLFO\ DYDLODEOH GDWDVHWV ZHUH XVHG DQG HQULFKHG ZLWK V\QWKHWLF
LQIRUPDWLRQ DERXW HQHUJ\ GHPDQG
)RU WKH SXUSRVHV RI WKH SUHVHQW GLVFXVVLRQ WKH RYHUDOO HQHUJ\ GHPDQG RI D VPDUW KRPH LV FKDUDF
WHUL]HG E\ LGHQWLI\LQJ LWV PDLQ VRXUFHV IURP D XVHUأV SRLQW RI YLHZ HQHUJ\ FRQVXPSWLRQ PD\ WKXV EH
VHHQ DV WKH VXP RI WKUHH GLஸIHUHQW FRPSRQHQWV D EDVHOLQH GHPDQG WKH DFWLYLW\GULYHQ XVHU ORDGV DQG
ZKDW LV FDOOHG WKH VFKHGXODEOH ORDGV VHH (QHUং 'HPDQG 6LPXODWRU ('6 EORFN LQ )LJXUH 
 6ঢ়ৡ৩ৠ৕২ঢ়ৢ৛ ৙ৢ৙০৛৭ ৗৣৢ১৩ৡ৤২ঢ়ৣৢ
7KH EDVHOLQH FRQVXPSWLRQ LV JHQHUDWHG E\ DOO DSSOLDQFHV RSHUDWLQJ LQ EDFNJURXQG VXFK DV KHDWHUV GH
KXPLGLஹ஭HUV IUHH]HUV UHIULJHUDWRUV DQG VR RQ 0RVW ORDGV EHORQJLQJ WR WKLV FODVV FDQ EH VKLIிHG LQ WLPH
JHWWLQJ D EHWWHU H[HFXWLRQ RUGHU IURP DQ HQHUJ\ VDYLQJ SRLQW RI YLHZ PRUHRYHU SULFH IRUHFDVW FRXOG
EH FRQVLGHUHG LQ RUGHU WRPLQLPL]H FRVWV 'Hஹ஭QLWLRQ RI EDVHOLQH ORDGV LV LQVSLUHG WR WKH ZRUNV E\ >@
DQG >@ $OO VXFK DSSOLDQFHV DUH VRPHZKDW WUDQVSDUHQW WR WKH HQG XVHU ZKR GRHV QRW SHUFHLYH WKHLU
SUHVHQFH DQG GRHV QRW PDNH DQ H[SOLFLW VFKHGXOLQJ SODQ IRU WKHP 0RUHRYHU WKH\ PD\ EH DVVXPHG
WR DOZD\V KDYH DQ LPSDFW RQ HQHUJ\ GHPDQG DV WKH\ DFFRXQW IRU HVVHQWLDO VHUYLFHV RU DUH QHFHVVDU\ WR
JXDUDQWHH D PLQLPDO FRPIRUW OHYHO 7KH EDVHOLQH ORDG SURஹ஭OH FDQ EH PRGHOHG E\ FRQVLGHULQJ D W\SL
FDO XVDJH LQ DQ RUGLQDU\ KRXVH 2QFH WKH VHW RI EDVHOLQH DSSOLDQFHV LV GHஹ஭QHG WKHLU FRQVXPSWLRQ LV
SUHGLFWDEOH DFFRUGLQJ WR WKHPRVW FRPPRQ FRQVXPSWLRQ SURஹ஭OH ZKLFKPD\ EH REWDLQHG E\ UHIHUULQJ
WR ZHOO HVWDEOLVKHG UHIHUHQFHV ,Q SDUWLFXODU WKH VWXG\ GHVFULEHG LQ >@ ZDV IROORZHG DQG WKH HQHUJ\
SURஹ஭OH IRU D IHZ FRPPRQ DSSOLDQFHV ZDV EXLOW PDWFKLQJ WKHLU UHVSHFWLYH ORDGV WR WKH SUHYLRXV WD[RQ

RP\ )RU LQVWDQFH WKH HQHUJ\ GHPDQG SURஹ஭OH IRU EDVHOLQH ORDGV ZDV LQIHUUHG IURP WKH W\SLFDO XVH RI
WKH FRUUHVSRQGLQJ DSSOLDQFHV D GDLO\ GHPDQG FXUYHZDV JHQHUDWHG EDVHG RQ WKH GDWD SURYLGHG E\ >@
DQG ZDV SDUDPHWHUL]HG WR SURGXFH D VHW RI VWDQGDUG GDLO\ XVDJHV
8VHU ORDGV DUH D E\SURGXFW RI WKH FXUUHQW XVHU DFWLYLW\ PLFURZDYH RYHQV 79 VHWV FRPSXWHUV UHS
UHVHQW W\SLFDO H[DPSOHV RI GHYLFHV EHORQJLQJ WR WKLV FODVV ('6 IROORZV WKH DSSURDFK SURSRVHG LQ >@
ZKHUH WKH DXWKRUV FKRRVH WR OHDYH RXW DOO WKRVH DSSOLDQFHV WKDW FDQ EH VFKHGXOHG E\ WKH XVHU LQ D SUH
GHஹ஭QHG IDVKLRQ HJ GLVKZDVKHU RQ WKH RWKHU KDQG HQHUJ\ GHPDQG GXH WR XVHU ORDGV LV OLNHO\ XQSUH
GLFWDEOH KHQFH YHU\ GLஸஹ஭FXOW WR FRSH ZLWK LQ RUGHU WR SUHYHQW D QHJDWLYH LPSDFW RQ SHDN GHPDQGV
7KH HQHUJ\ GHPDQG GXH WR HDFK DFWLYLW\ LV VLPXODWHG E\ FRPELQLQJ WKH HஸIHFWV RI VRPH UDQGRPO\ FKR
VHQ GHYLFHV WKDW FDQ EH SRVVLEO\ WXUQHG RQ GXULQJ LWV H[HFXWLRQ )RU H[DPSOH FRRNLQJ PD\ UHTXLUH
WKH XVH RI GLஸIHUHQW DSSOLDQFHV HJ VWRYH DV RSSRVHG WR PLFURZDYH RYHQ VR GLஸIHUHQW LQVWDQFHV RI WKH
VDPH DFWLYLW\ PD\ UHVXOW LQWR YHU\ GLஸIHUHQW HQHUJ\ FRQVXPSWLRQ SURஹ஭OHV ,Q RUGHU WR DFFRXQW IRU WKLV
SHFXOLDULW\ RQO\ VLPXODWHG FRQVXPSWLRQ LV FRQVLGHUHG DV GXH WR D UDQGRP VHOHFWLRQ RI GHYLFHV IURP
WKH VHW RI DOO WKH DSSOLDQFHV UHODWHG WR WKDW DFWLYLW\ 7KH FRXSOLQJ EHWZHHQ DSSOLDQFHV DQG DFWLYLWLHV ZDV
GHஹ஭QHG D SULRUL PRUHRYHU IRU HDFK GHYLFH DFWLYDWLRQ D UDQGRP GXUDWLRQ LV FKRVHQ E\ VLPXODWLQJ WKH
XVH RI WKH VDPH DSSOLDQFH LQ GLஸIHUHQW H[HFXWLRQV RI WKH VDPH DFWLYLW\
6FKHGXODEOH ORDGV WKH WKLUG FRPSRQHQW RI WKH SURSRVHG HQHUJ\ PRGHO LV REWDLQDEOH E\ DQDO\]LQJ
D SODQ SURYLGHG E\ WKH XVHU ,W LQFOXGHV DOO WKH DSSOLDQFHV WKDW DUH FKDUDFWHUL]HG E\ ORQJODVWLQJ WDVNV
DV FRPSDUHG WR QRUPDO XVHU DFWLYLWLHV :DVKLQJ PDFKLQHV DQG WXPEOH GU\HUV DUH W\SLFDO H[DPSOHV RI
WKLV NLQG RI DSSOLDQFHV VLPLODUO\ WR إEXUVW ORDGVئ LQ WKH WHUPLQRORJ\ SURSRVHG E\ >@
)LQDOO\ XVHU SODQ LV FRQVLGHUHG ZKLFK LV D SUHGHஹ஭QHG OLVW RI WDVNV IRU HDFK RI WKHP WKH XVHU QHHGV
WR SURYLGH WZR LQWHUYDOV GHஹ஭QLQJ WKH DFFHSWDEOH UDQJHV IRU WKH EHJLQQLQJ DQG HQGLQJ WLPH IRU WKH WDVN
PRUHRYHU D SULRULW\ LV DVVRFLDWHG WR HYHU\ WDVN H[SUHVVLQJ LWV LPSRUWDQFH LQ WKH XVHUأV RSLQLRQ 7LPH
LQWHUYDOV DVVRFLDWHG ZLWK WDVNV PD\ SRVVLEO\ WDNH LQWR DFFRXQW SULFH IRUHFDVWLQJ LQ RUGHU WR PLQLPL]H
HQHUJ\ FRVWV 7KH SODQ DOVR WDNHV LQWR DFFRXQW GHSHQGHQFLHV EHWZHHQ WDVNV WKXV SUHYHQWLQJ WKH H[HFX
WLRQ RI PHDQLQJOHVV FKDLQV RI WDVNV )RU H[DPSOH D XVHU PLJKW ZDQW WKH /0(' -4 - WDVN H[HFXWHG

RQO\ DIிHU WKH 2.#$)" (#$) RQH IXUWKHUPRUH LI IRU DQ\ UHDVRQ 2.#$)" (#$) ZDV QRW
H[HFXWHG WKHQ QHLWKHU /0(' -4 - VKRXOG EH 7KH LGHD RI LQFOXGLQJ D XVHU SODQ PLJKW EH SURI
LWDEOH LQ RWKHU FRQWH[WV DV ZHOO IRU LQVWDQFH LQ D VFHQDULR ZKHUH HQHUJ\ FRVW PLQLPL]DWLRQ LV UHTXLUHG
SULRULWLHV FDQ EH FKRVHQ DFFRUGLQJ WR G\QDPLF SULFH VWUDWHJLHV
 3৙৕য় ১ড়৕৪ঢ়ৢ৛
2SWLPL]DWLRQ RI HQHUJ\ GHPDQG LV LPSOHPHQWHG E\ WKH ('2 EORFN LQ )LJXUH  LW LV IRFXVHG RQ SHDN
DYRLGDQFH FRQVLGHULQJ WKH HVWLPDWHV RI WKH EDVHOLQH XVHU DQG VFKHGXODEOH ORDGV (QHUJ\ RSWLPL]DWLRQ
LV UHJDUGHG DV D YDULDQW RI WKH .QDSVDFN 2SWLPL]DWLRQ .3 >@ D WKHRUHWLFDO DSSURDFK WKDW KDV DO
UHDG\ EHHQ DSSOLHG WR VHYHUDO SUDFWLFDO ஹ஭HOGV .3 EHORQJV WR WKH LQWHJHU FRPELQDWRULDO RSWLPL]DWLRQ
GRPDLQ DQG HQFRPSDVVHV D VHW RI SUREOHPV LQ WKH ஹ஭HOG RI LQWHJHU OLQHDU SURJUDPPLQJ ,W LV NQRZQ WR
EH DQ 13FRPSOHWH SUREOHP DQG LW KDV EHHQ ZLGHO\ VWXGLHG GXH WR LWV SRVVLEOH DSSOLFDWLRQV UDQJLQJ
IURP ஹ஭QDQFLQJ WR UHVRXUFH GLVWULEXWLRQ LW KDV DOVR IRXQG DSSOLFDWLRQ LQ WKH FRQWH[W RI HQHUJ\ RSWL
PL]DWLRQ >@ *LYHQ D VHW RI REMHFWV FKDUDFWHUL]HG E\ D YROXPH DQG D YDOXH WKH .3 DLPV DW VHOHFWLQJ
WKH EHVW VXEVHW RI REMHFWV WKDW PD[LPL]HV WKH WRWDO YDOXH ZKLOH PDLQWDLQLQJ WKH RYHUDOO YROXPH EHORZ
D SUHVHW WKUHVKROG ZKLFK LV WHUPHG WKH FDSDFLW\ RI WKH NQDSVDFN
,Q WKLV FRQWH[W WKH PDLQ JRDO RI WKH V\VWHP LV WR HVWLPDWH WKH FXUUHQW HQHUJ\ XVDJH DQG WR SUHGLFW
LWV VKRUWWHUP WUHQG LQ RUGHU WR FKHFN WKDW LW LV FRPSDWLEOH ZLWK WKH DFWLYLW\ WKH XVHU LV SHUIRUPLQJ
WKH V\VWHP WKHQ WULHV WR UHDUUDQJH ORDGV JHQHUDWHG E\ WKH DSSOLDQFHV LQ RUGHU WR DYRLG H[FHHGLQJ D SUH
VHW WKUHVKROG IRU WKH RYHUDOO GHPDQG ZKLOH VDWLVI\LQJ XVHU UHTXLUHPHQWV DQG FRPSOHWLQJ WKH SODQQHG
WDVNV 7KH XQGHUO\LQJ DVVXPSWLRQ LV WKDW WKH WRWDO HQHUJ\ FRQVXPSWLRQ FDQ EH SDUWHG LQWR WZR PDLQ
FRPSRQHQWV QDPHO\ WKH SUHGLFWDEOH FRQVXPSWLRQ DQG WKH XQSUHGLFWDEOH RQH 7KH ஹ஭UVW FRPSRQHQW
LQFOXGHV DOO WKH EDVHOLQH ORDGV VLPXODWHG E\ WKH ('6 PRGXOH DV ZHOO DV WKH VFKHGXODEOH ORDGV GXH WR
WKH XVHU SODQ ERWK FRPSRQHQWV DUH LQWULQVLFDOO\ SUHGLFWDEOH 2Q WKH RWKHU KDQG XVHU ORDGV JHQHUDWHG
E\ WKH FXUUHQW DFWLYLWLHV DUH KDUGO\ SUHGLFWDEOH XQOHVV D VKRUW WHUP SUHGLFWLRQ LV FRQVLGHUHG E\ WDNLQJ

















)LJXUH  ([DPSOH RI D EUHDNGRZQ RI HQHUJ\ GHPDQG LQ WHUPV RI EDVHOLQH VFKHGXODEOH DQG XVHU ORDGV
WKH SURSRVHG VFHQDULR 7KH FRQVWUDLQW UHSUHVHQWHG E\ WKH SUHVHW WKUHVKROG LV WKXV IXUWKHU QDUURZHG
E\ DQ DPRXQW FRUUHVSRQGLQJ WR WKH HVWLPDWH RI WKH FRQVXPSWLRQ GXH WR XVHU ORDGV KHQFH SUHGLFWDEOH
ORDGV HQHUJ\ FRQVXPSWLRQ LV UHDUUDQJHG LQ RUGHU WR PHHW WKH PRUH UHVWULFWLYH WKUHVKROG
7KLV IXQFWLRQDOLW\ LV SURYLGHG E\ WKH EORFN QDPHG ('2 LQ )LJXUH  ZKLFK UHSUHVHQWV D VRIிZDUH
PRGXOH DFFHSWLQJ WKH IROORZLQJ LQSXWV WKH FXUUHQW HVWLPDWHG HQHUJ\ FRQVXPSWLRQ WKH SUHGLFWHG XVHU
DFWLYLWLHV DQG WKH XVHU SODQ :KHQ WKH SUHGLFWHG VKRUWWHUP HQHUJ\ XVH H[FHHGV WKH SUHVHW WKUHVKROG
('2PRGXOH DWWHPSWV WR VHOHFW WKH PLQLPXP QHFHVVDU\ DPRXQW RI GHYLFHV WR EH WHPSRUDULO\ WXUQHG
RஸI VR DV WR VDWLVI\ WKH HQHUJ\ XVH FRQVWUDLQW ZKLOH UHVSHFWLQJ WKH SURYLGHG SULRULWLHV 2QFH WKH SUH
GLFWHG ORDG IDOOV ZLWKLQ WKH OLPLW WKH V\VWHP DWWHPSWV WR UHVWRUH WKH GHYLFH DQRWKHU RSWLRQ LV WR ORRN
IRU DQRWKHU GHYLFH WR WXUQ RஸI LQ RUGHU WR WUDGH IRU WKH UHDFWLYDWLRQ RI WKH ROG RQH
,Q RUGHU WR WDNH XVHU UHTXLUHPHQWV LQWR DFFRXQW WKH SURSRVDOV RI >@ >@ LV IROORZHG SURYLGLQJ
D VODFN WLPH IRU HDFK EDVHOLQH DSSOLDQFH WKLV SLHFH RI LQIRUPDWLRQ LV XVHG WR SUHYHQW WKH RSWLPL]HU IURP
WXUQLQJ D GHYLFH RQ DQG RஸI WRR TXLFNO\ ZKLFK ZRXOG FDXVH D GHJUDGDWLRQ LQ WKH RYHUDOO SHUIRUPDQFH
RU HYHQ D SRVVLEOH IDLOXUH ,Q WKH HQG WKH GHDFWLYDWLRQ WLPH IRU D GHYLFH LV PLQLPL]HG FDXVLQJ DV OLWWOH
LQFRQYHQLHQFH DV SRVVLEOH IRU WKH XVHUV
7LPH LV VSOLW LQWR ஹ஭[HGVL]H VOLFHV IRU HDFK VOLFH WKH V\VWHP VHOHFWV WKH RSWLPDO VHW RI GHYLFHV WR WXUQ
RQ LQ RUGHU WRPHHW WKH HQHUJ\ FRQVXPSWLRQ FRQVWUDLQW DQGPDWFK WKH XVHU SODQ DV FORVHO\ DV SRVVLEOH

DV DOUHDG\ PHQWLRQHG WKH RSWLPDO VHOHFWLRQ RI GHYLFHV LV IRUPXODWHG DV D .3 WR EH VROYHG DW HDFK WLPH
VOLFH
7KH FDSDFLW\ RI WKH NQDSVDFN LV GHஹ஭QHG DV
զֆ  զյ ਷ ࣞզնӴ 
ZKHUH ࣞզն LV WKH HVWLPDWHG PD[LPXP HQHUJ\ RI XVHU ORDG FRPSRQHQW IRU WKH FRQVLGHUHG WLPH VOLFH
DQGզյ LV WKH SUHVHW FRQVXPSWLRQ WKUHVKROG 7KH PD[LPXP FRQVXPSWLRQ YDOXH LV VWRUHG IRU HDFK
DFWLYLW\ LQVWDQFH WRJHWKHU ZLWK WKH WLPHVWDPSV RI LWV EHJLQQLQJ DQG HQG WLPH IRU HDFK QHZ LQVWDQFH
D SUREDELOLW\ GLVWULEXWLRQ SDUDPHWHUL]HG RYHU WKH LQLWLDO WLPH RI WKH DFWLYLW\ LV UHFRPSXWHG D VLPLODU
DSSURDFK LV XVHG IRU WKH EDVHOLQH HVWLPDWLRQ EDVHG RQ D ZKROH GD\ SUHGLFWLRQ
7KH IXQFWLRQ WR EH PD[LPL]HG LV H[SUHVVHG DV
։ంքφ ֑ք֓ք 
ZKHUH WKH VXPPDWLRQ LV WDNHQ RYHU DOO WKH DSSOLDQFHV JHQHUDWLQJ EDVHOLQH DQG VFKHGXODEOH ORDGV 7KH
LQWHJHU YDULDEOH ֓ք LV GHஹ஭QHG DV
֓ք  ৘৖৖ৗ৖৖৕
φ LI WKH GHYLFH LV WXUQHG 21Ј LI WKH GHYLFH LV WXUQHG 2)) 
7KH FRHஸஹ஭FLHQW ֑ք LQGLFDWHV WKH SULRULW\ RI WKH WDVN FRUUHVSRQGLQJ WR WKH XVHUGHஹ஭QHG RQH IRU WKH
VFKHGXODEOH DSSOLDQFHV DQG WR D IXQFWLRQ RI WKH VODFN YDOXH IRU WKH EDVHOLQH ORDGV
7KH FRQVWUDLQW WR PHHW LV ։ంքφ զք֓ք ମ զֆ 
ZKHUHզք LV WKH FRQVXPSWLRQ RI WKH GHYLFH DFFRUGLQJ WR LWV FRQVXPSWLRQ PRGHO

 (৬৤৙০ঢ়ৡ৙ৢ২৕ৠ ৕১১৙১১ৡ৙ৢ২ ৣ৚ ২ড়৙ ৤৙৕য় ১ড়৕৪৙০ ১৭১২৙ৡ
,Q RUGHU WR DVVHVV WKH SHUIRUPDQFH RI WKH ZKROH V\VWHP WZR UHIHUHQFH VFHQDULRV ZHUH FRQVLGHUHG DF
FRUGLQJ WR DFWLYLW\ UHFRJQLWLRQ RU HQHUJ\ VDYLQJ WDVNV LQ WKH IRUPHU FDVH HYHQWV JHQHUDWHG E\ VHQVRUV
GHSOR\HG LQ D VPDUW KRPH HQYLURQPHQW ZDV DQDO\]HG ZKHUH HDFK VHTXHQFH RI WULJJHUV ZDV ODEHOHG DF
FRUGLQJ WR WKH DFWLYLWLHV SHUIRUPHG E\ WKH XVHU ZKHUHDV IRU WKH ODWWHU WKH V\VWHP ZDV DVVXPHG DEOH WR
FRQWURO D SUHGHஹ஭QHG VHW RI DSSOLDQFHV DQG DQ HQHUJ\ FRQVXPSWLRQ GHPDQG ZDV VLPXODWHG DFFRUGLQJ
WR D UHDOLVWLF HQHUJ\ XVH SURஹ஭OH ,Q SDUWLFXODU WKUHH SXEOLF GDWDVHWV ZHUH XVHG WR PHDVXUH WKH DFFXUDF\
RI WKH V\VWHP DGOQRUPDO >@ DQG DUXED >@ ERWK IURP WKH &$6$6 SURMHFW DQG WKH RQH FDOOHG
NDVW >@ IURP WKH &RQWH[W $ZDUHQHVV LQ 5HVLGHQFH IRU (OGHUV &$5( SURMHFW $OO GDWDVHWV DUH DQ
QRWDWHG LH WKHLU VHQVRU WULJJHU VHTXHQFHV DUH ODEHOHG ZLWK WKH DFWLYLW\ WKH XVHU ZDV SHUIRUPLQJ LQ
FRUUHVSRQGHQFH WR WKDW SRUWLRQ RI GDWD WKH VRFDOOHG DFWXDO DFWLYLWLHV KRZHYHU WKH WKUHH GDWDVHWV DUH
YHU\ GLஸIHUHQW ZLWK UHVSHFW WR WKH VHW RI HPSOR\HG VHQVRUV DQG WR WKH ZD\ WKH GDWD ZDV FROOHFWHG WKHLU
GHVFULSWLRQV DUH UHSRUWHG LQ 7DEOH 
 (৪৕ৠ৩৕২ঢ়ৣৢ ৣ৚ ২ড়৙0'/ ৙৪৙ৢ২ ৙ৢৗৣ৘৙০
7KH 0'/ HQFRGHU UHSUHVHQWV WKH FRUH RI WKH SUHSURFHVVLQJ VWHS DQG LWV PDLQ JRDO LV WR UHGXFH WKH
إXQFHUWDLQW\ئ LQKHUHQWO\ SUHVHQW LQ GDWD VR WKDW WKH VXEVHTXHQW PRGXOHV RI WKH V\VWHP PD\ IRFXV
RQO\ RQ WKH PRVW VLJQLஹ஭FDQW LQIRUPDWLRQ 7KDQNV WR WKH QHZ HQFRGLQJ GLVVLPLODULWLHV DPRQJ HYHQW
SDWWHUQV DUH PDJQLஹ஭HG VR WKDW WKH\ JHW VFDWWHUHG WKURXJKRXW WKH LGHDO UHSUHVHQWDWLRQ VSDFH ZKLFK
XOWLPDWHO\ UHVXOWV LQ PRUH HDVLO\ GLVWLQJXLVKDEOH DFWLYLWLHV
7KH HஸIHFWV RI XVHU DFWLYLWLHV DUH REVHUYDEOH E\ WKH V\VWHP RQO\ LQ WHUPV RI WKH HஸIHFWV WKH\ SURGXFH
RQ WKH HQYLURQPHQW VR DQ DFWLYLW\PLJKW EH DEVWUDFWO\PRGHOHG DV D VWRFKDVWLF VRXUFH RI VHQVRU WULJJHUV
PRUH VSHFLஹ஭FDOO\ DQ DFWLYLW\ LV UHJDUGHG DV D VRXUFH RI DOSKDEHW HOHPHQWV WKH։JUDPV VHOHFWHG E\ WKH
0'/ HQFRGHU DQG FRPSXWH LWV HPLVVLRQ SUREDELOLW\ 7HOOLQJ GLஸIHUHQW DFWLYLWLHV DSDUW LV RQO\ SRVVLEOH
LI HDFK HOHPHQW FDQEH DVVRFLDWHG WR WKH FRUUHFW VRXUFH WKLV WDVNEHFRPHVPRUHPDQDJHDEOH DV WKH VRXUFH
HPLVVLRQ SUREDELOLW\ GLVWULEXWLRQV DUH PRVW GLஸIHUHQW IURP HDFK RWKHU

7DEOH  7KH GDWDVHWV XVHG IRU WHVWLQJ WKH V\VWHP
%BUBTFU 'FBUVSFT "DUJWJUJFT 4FOTPST





 DFWLYLWLHV 7HOHSKRQH XVH +DQG
:DVKLQJ0HDO 3UHSDUDWLRQ (DWLQJ
DQG 0HGLFDWLRQ 8VH &OHDQLQJ
PRWLRQ VHQVRUV DQDORJ VHQVRUV IRU
PRQLWRULQJ ZDWHU DQG VWRYH EXUQHU
XVH DV ZHOO DV VRIிZDUH VHQVRUV
92,3 DQG FRQWDFW VZLWFK VHQVRUV
RQ SKRQH ERRN FRRNLQJ SRW DQG
PHGLFLQH FRQWDLQHU






 DFWLYLWLHV 0HDO 3UHSDUDWLRQ 5H
OD[ (DWLQJ :RUN 6OHHSLQJ :DVK
'LVKॽ %HG WR 7RLOHW (QWHU +RPH
/HDYH+RPH+RXVHNHHSLQJ5HVSHU
DWH
ELQDU\ VHQVRUV PRWLRQ VHQVRUV DQG
GRRU FORVXUH VHQVRUV WHPSHUDWXUH
VHQVRUV ZHUH DOVR SUHVHQW EXW WKH\
ZHUH QRW XVHG E\ WKH SURSRVHG V\V
WHP




 DFWLYLWLHV FKDUDFWHUL]HG E\ GLI
IHUHQW WLPH GXUDWLRQ DQG GLஸIHUHQW
IUHTXHQF\ /HDYH KRXVH 7RLOHW
LQJ 6KRZHULQJ 6OHHSLQJ 3UHSDU
LQJ EUHDNIDVW 3UHSDULQJ GLQQHU DQG
3UHSDULQJ D EHYHUDJH
 ELQDU\ VHQVRUV GHSOR\HG LQ WKH
KRXVH SODFHG RQ GRRUV FXSERDUGV
UHIULJHUDWRU DQG D WRLOHW ஺ாXVK
7KH DVVHVVPHQW RI WKLV PRGXOH ZDV WKXV FDUULHG RXW E\ FRPSDULQJ WKH VWDWLVWLFDO SURSHUWLHV RI WKH
GLஸIHUHQW DFWLYLWLHV LQ WHUPV RI SUREDELOLW\ GLVWULEXWLRQ RI WKHLU EDVLF HOHPHQWV 7HPSRUDO LQIRUPDWLRQ
ZDV SXUSRVHO\ GLVUHJDUGHG DW WKLV VWHS DV LW GRHV QRW FDUU\ DGGLWLRQDO VLJQLஹ஭FDQW LQIRUPDWLRQ LQ WKLV
FRQWH[W 'LஸIHUHQW LQVWDQFHV RI WKH VDPH DFWLYLW\ FDQ EH YHU\ GLVVLPLODU LQ WHUPV RI WKHLU WHPSRUDO XQ
IROGLQJ GHSHQGLQJ RQ KRZ VSHFLஹ஭F XVHUV SHUIRUP WKHP EXW WKH UHOHYDQW LQIRUPDWLRQ FRQWHQW FRQVLVWV
LQ WKHLU UHVSHFWLYH VXEWDVN FRPSRVLWLRQ UHJDUGOHVV RI WKH H[DFW GXUDWLRQ DQG FRQVHTXHQWLDOLW\ 7KH
VWDWLVWLFDO SURSHUWLHV RI DQ DFWLYLW\ WKRXJKW RI DV D VWRFKDVWLF VRXUFH PLJKW UHDVRQDEO\ EH FRQVLGHUHG
LQYDULDQW DQG GLVWLQFWLYH RI WKH DFWLYLW\ LWVHOI
+HOOLQJHU GLVWDQFH ZDV FKRVHQ DV D PHDVXUH RI GLVVLPLODULW\ EHWZHHQ GLஸIHUHQW DFWLYLWLHV >@ 7KLV
LV D ցGLYHUJHQFHPHDVXUH ZKLFK TXDQWLஹ஭HV WKH GLஸIHUHQFH EHWZHHQ WZR SUREDELOLW\ GLVWULEXWLRQVձ	ք

)RU H[DPSOH &RRNLQJ ZLOO OLNHO\ LQYROYH D VHW RI WDVNV VXFK DV RSHQLQJ WKH FXSERDUG JUDEELQJ D SRW DQG
VZLWFKLQJ RQ WKH VWRYH EXUQHU EXW WKHLU GXUDWLRQ DQG H[DFW VHTXHQFHPD\ YDU\ DPRQJ GLஸIHUHQW LQVWDQFHV RI WKLV
DFWLYLW\

7DEOH  &RPSDULVRQ RI +HOOLQJHU GLVWDQFH ZLWK RULJLQDO WULJJHUV DQG DIWHU0'/ HQFRGLQJ
BEMOPSNBM LBTUFSFO BSVCB
0SJHJOBM &ODPEFE 0SJHJOBM &ODPEFE 0SJHJOBM &ODPEFE
.FBO      
.BY      















LV D XQLW YHFWRU LQ ϵQRUP ֋	ք
ֈ LV WKH SUREDELOLW\ WKDW WKH ք֏փ DFWLYLW\ آHPLWVأ WKHֈ֏փ V\PERO DQG։
LV WKH FDUGLQDOLW\ RI WKH HQFRGLQJ DOSKDEHW
%\ GHஹ஭QLWLRQ WKH +HOOLQJHU GLVWDQFH LV V\PPHWULF DQG VDWLVஹ஭HV WKH WULDQJOH LQHTXDOLW\ VR LW LV D
SURSHU GLVWDQFH ZKLFK LQGXFHV D PHWULF VSDFH 7KLV PHWULF VSDFH ZDV XVHG WR JHW D TXDOLW\ PHDVXUH RI
WKH SUHSURFHVVLQJ QDPHO\ LI +HOOLQJHU GLVWDQFH ZDV FRPSXWHG IRU HYHU\ SDLU RI DFWLYLWLHV ERWK EHIRUH
DQG DIிHU SUHSURFHVVLQJ LW ZRXOG H[SHFW WKDW D XVHIXO HQFRGLQJ LPSO\ D ODUJHU GLVWDQFH RQ DYHUDJH LQ
WKH ODWWHU FDVH
7HVWV VKRZ WKDW DQ LPSURYHPHQW LQ +HOOLQJHU GLVWDQFH ZDV DFKLHYHG IRU HYHU\ GDWDVHW ZLWK DQ LQ
FUHDVH DV KLJK DV  DV FRPSDUHG WR WKH RULJLQDO UHSUHVHQWDWLRQ LQ WKH FDVH RI DGOQRUPDO GHPRQVWUDW
LQJ WKH HஸIHFWLYHQHVV RI WKH 0'/ HQFRGHU )RU WKLV GDWDVHW WKH DYHUDJH +HOOLQJHU GLVWDQFH FRPSXWHG
EHWZHHQ DOO WKH WHQ SDLUV RI WKH ஹ஭YH FRQVLGHUHG DFWLYLWLHV LV  ZKHQ RQO\ DFWLYDWLRQ WULJJHUV DUH
FRQVLGHUHG DV VXJJHVWHG E\ >@ DIிHU 0'/ HQFRGLQJ LW LQFUHDVHV XS WR  7DEOH  VXPPDUL]HV
WKH UHVXOWV RI WKH WHVWV 7DEOH  VKRZV KRZ PXFK WKH +HOOLQJHU GLVWDQFH PDWUL[ GLஸIHUV IRU HDFK FRX
SOH RI DFWLYLWLHV RI DGOQRUPDO ZLWK DQG ZLWKRXW DSSO\LQJ WKH 0'/ HQFRGLQJ HOHPHQW 	քӴ օ
 RI WKLV
PDWUL[ LV WKH GLஸIHUHQFH RI WKH +HOOLQJHU GLVWDQFH EHWZHHQ DFWLYLW\ ք DQG DFWLYLW\ օ LQ WKH WZR FDVHV
REYLRXVO\ LW LV D VWULFWO\ WULDQJXODU PDWUL[ 7KH REWDLQHG UHVXOWV VKRZ D VLJQLஹ஭FDQW LPSURYHPHQW LQ


































5FMFQIPOF VTF     
)BOE 8BTIJOH     
.FBM 1SFQBSBUJPO     
&BUJOHNFE 6TF     
$MFBOJOH     
WHUPV RI D KLJKHU +HOOLQJHU GLVWDQFH IRU PRVW RI WKH DFWLYLW\ GHVFULSWLRQ GLVVLPLODULWLHV 7KH RULJLQDO
HQFRGLQJ RXWSHUIRUPHG 0'/ HQFRGLQJ RQO\ IRU WKH +DQG :DVKLQJ &OHDQLQJ SDLU SUREDEO\ GXH
WR WKH H[WUHPH VLPLODULW\ RI WKH WZR DFWLYLWLHV )LJXUH  VKRZV D GHWDLOHG FRPSDULVRQ RI WKH WZR DF
WLYLWLHV LQ WHUPV RI GLVWULEXWLRQ RI WULJJHUV DQG DOSKDEHW HOHPHQWV WKH+DQG :DVKLQJ DFWLYLW\ FOHDUO\
VKRZV KRZ WKH0'/ HQFRGHU VXFFHHGV LQ FRPSUHVVLQJ WKH VWDWLVWLFDO GHVFULSWLRQ RI WKH DFWLYLW\ KRZ
HYHU WKLV HYHQWXDOO\ UHVXOWHG LQ DQ LQFUHDVHG VLPLODULW\ WR WKH &OHDQLQJ DFWLYLW\ 2Q WKH RWKHU KDQG
WKHPRVW VLJQLஹ஭FDQW LPSURYHPHQW ZDV REWDLQHG IRU WKH +DQG:DVKLQJ7HOHSKRQH XVH SDLU OLNHO\ EH
FDXVH HQFRGLQJ LV DEOH WR HPSKDVL]H WKH GLஸIHUHQFH LQ WHUPV RI WKH SUHGRPLQDQW VHW RI VXEWDVNV WKHVH
WZR DFWLYLWLHV LQGHHG LQYROYH YHU\ GLஸIHUHQW VHQVRU VHWV DV WKH\ DUH FDUULHG RXW LQ GLஸIHUHQW DUHDV RI WKH
KRXVH DQG ZLWK GLஸIHUHQW WRROV
6LPLODU UHVXOWV ZHUH REWDLQHG IRU WKH RWKHU FRQVLGHUHG GDWDVHWV ZLWK DQ RYHUDOO LQFUHDVH LQ WKH
+HOOLQJHU GLVWDQFH H[FHSW IRU WKRVH SDLUV FRPSRVHG E\ RQO\ D YHU\ UHGXFHG VHW RI VLJQLஹ஭FDQW HOHPHQWV
 7৙১২ঢ়ৢ৛ ২ড়৙ $0% ৕ৢ৘ $57ৡৣ৘৩ৠ৙১
,Q RUGHU WR DVVHVV WKH DELOLW\ RI $57 DQG $0% WR FRUUHFWO\ LGHQWLI\ SDWWHUQV RI HYHQWV WKHLU SHUIRU



































































)LJXUH  +HOOLQJHU GLVWDQFH GLIIHUHQFH EHWZHHQ RULJLQDO WULJJHUV OHIW FROXPQ DQG0'/ HQFRGLQJ ULJKW FROXPQ IRU
&OHDQLQJ WRS URZ DQG+DQG:DVKLQJ ERWWRP URZ
LH դ LQ஺ாXHQFLQJ JHQHUDO SDWWHUQV DQGդ֑ IRU YDULDWLRQV VHH (T  DQG  RQ S  )LJXUH 
VKRZV WKDW WKH DOJRULWKP SHUIRUPV VLPLODUO\ LQ DOO FDVHV EXW WKH UHVXOWLQJ QXPEHU RI SDWWHUQV LV YHU\
WKUHVKROGGHSHQGHQW +LJKHU YDOXHV IRU ERWK WKUHVKROGV LQFUHDVH WKH QXPEHU RI GLVFRYHUHG SDWWHUQV
XS WR D VDWXUDWLRQ SRLQW WKH EHVW SHUIRUPDQFH LV REWDLQHG ZLWK DGOQRUPDO DUJXDEO\ GXH WR WKH IDFW
WKDW WHVW XVHUV ZHUH LQVWUXFWHG WR VLPXODWH GDLO\ DFWLRQV E\ IROORZLQJ D SUHVHW VFULSW $ EDG FKRLFH RI
WKUHVKROGVPD\ UHVXOW LQ IDLOLQJ WR GLVFRYHU DQ\ SDWWHUQV DW DOO DV LV WKH FDVH ZLWKդ֑  Јӳϯ΅ IRU DUXED
7KH UHVXOWV VKRZ WKDW DSSURSULDWH YDOXHV RIդ DQGդ֑ DOORZ'960 WR SUXQH PRVW RI WKH OHVV PHDQ
LQJIXO SDWWHUQV DOVR LQ FRPELQDWLRQ ZLWK WKH SUHSURFHVVLQJ DQG HQFRGLQJ VWHSV WKDW SXUJH WKH LQSXW
WULJJHU VHTXHQFH IURP QRQVLJQLஹ஭FDQW GDWD
3HUIRUPDQFH RIֆPHGRLGV DOJRULWKP LQ SURGXFLQJPHDQLQJIXO FODVVHV RI DFWLYLWLHV ZDV DOVR WHVWHG
LQ WHUPV RI WKH JRRGQHVV RI LWV FOXVWHULQJ 7R WKLV HQG WKH VDPH PHWULFV DV LQ >@ ZDV XVHG QDPHO\




























































































)LJXUH  1R RI H[WUDFWHG SDWWHUQV DV D IXQFWLRQ RI WKH FRPSUHVVLRQ WKUHVKROGդ  SDUDPHWHUL]HG RQդ՛
ت ֌φ WKH DELOLW\ WR LGHQWLI\ DFWLYLWLHV FRPSXWHG DV WKH UDWLR EHWZHHQ WKH QXPEHU RI DFWXDO ODEHOV
DVVLJQHG WR WKH GLVFRYHUHG FOXVWHU UHSUHVHQWDWLYHV DQG WKH WRWDO QXPEHU RI DFWXDO DFWLYLWLHV
ت ֌ϵ WKH DELOLW\ WR DVVLJQ FRUUHFW ODEHOV WR WKH H[WUDFWHG SDWWHUQV ZLWK UHVSHFW WR DFWXDO DFWLYLWLHV
FRPSXWHG DV WKH IUDFWLRQ RI SDWWHUQV DFWXDOO\ EHORQJLQJ WR WKH DFWLYLW\ DVVLJQHG WR WKH FOXVWHU
PHGRLG SHU HDFK FOXVWHU
7KH REWDLQHG UHVXOWV DUH VKRZQ LQ )LJXUHV  DQG  IRU GLஸIHUHQW YDOXHV RIդդ֑ LQ RUGHU WR
DVVHVV WKH LQ஺ாXHQFH RI WKH FKRVHQ QXPEHU RI FOXVWHUV ֆ RQ WKH VHOHFWHG PHWULFV WKLV SDUDPHWHU ZDV
LQLWLDOO\ VHW HTXDO WR WKH QXPEHU RI DFWXDO DFWLYLWLHV IRU HDFK GDWDVHW DQG WKHQ LQFUHDVHG LW 7KH UHVXOWV
VKRZ WKDW ֌φ LV PRUH VHQVLWLYH WR ֆ WKDQ WR WKH WKUHVKROGVդ DQGդ֑ DQG KLJKHU YDOXHV RI ֆ FDXVH DQ
LQFUHDVH LQ ֌φ DV LV SDUWLFXODUO\ HYLGHQW LQ DGOQRUPDO 7KH ZRUVW SHUIRUPDQFH LV REWDLQHG RQ DUXED
GXH WR WKH SUHVHQFH RI PDQ\ XQODEHOOHG WULJJHUV UH஺ாHFWLQJ WKH IDFW WKDW DFWXDO DFWLYLWLHV SRRUO\ FRUUH
VSRQG WR WKH XVHUأV QRUPDO OLIH WKLV LV DOVR KLJKOLJKWHG E\ WKH UHVXOWV IRU ֌ϵ RQ WKH VDPH GDWDVHW ZKLFK
VKRZ WKDW ZKHQ WKH FOXVWHU GRHV UHSUHVHQW DQ DFWXDO DFWLYLW\ LWV SDWWHUQV DUH ODEHOHG LQ WKH FRUUHFW ZD\
)RU WKH RWKHU GDWDVHWV ֌ϵ FRQஹ஭UPV WKH UHVXOWV IURP ֌φ DQG VKRZV JRRG SHUIRUPDQFH RQ DFFXUDF\ LQ
FODVVLஹ஭FDWLRQ 7KH QXPEHU RI SDWWHUQV GRHV QRW LQ஺ாXHQFH WKLVPHWULF DVPXFK DV LW GRHV IRU֌φ VXJJHVW
LQJ WKDW LQFUHDVLQJ WKH QXPEHU RI FOXVWHUV LPSURYHV WKH إFRYHUDJHئ EXW QRW WKH TXDOLW\ RI SURGXFHG
FOXVWHUV
)LQDOO\ WKH DFFXUDF\ RI WKH +00EDVHG DFWLYLW\ UHFRJQL]HU ZDV DVVHVVHG ZLWK UHVSHFW WR GLVFRY

HUHG DQG DFWXDO DFWLYLWLHV









































































































































































I NDVW  FOXVWHUV
)LJXUH 0HWULF֌ȯ IRU WKH  GLIIHUHQW GDWDVHWV DV D IXQFWLRQ RI WKH FRPSUHVVLRQ WKUHVKROGդ Hդ՛ DQG QXPEHU RI
FOXVWHUV









































































































































































I NDVW  FOXVWHUV
)LJXUH 0HWULF֌ɞ IRU WKH  GLIIHUHQW GDWDVHWV DV D IXQFWLRQ RI WKH FRPSUHVVLRQ WKUHVKROGդ Hդ՛ DQG WKH QXPEHU
RI FOXVWHUV

7KH EHVW YDOXHV IRU VHWWLQJ WKH +00 SDUDPHWHUV LH WKH QXPEHU RI KLGGHQ VWDWHV կ DQG WKH
VL]H RI WKH VOLGLQJ ZLQGRZ ֒ ZHUH FRPSXWHG WR WKLV HQG D JULG VHDUFK ZDV XVHG ZLWKկ ୮ <ϯϦ φΘ>
DQG֒ ୮ <ϯϦ φΘ> DQG FRPSXWHG WKH DFFXUDF\ RI WKH V\VWHP DW HDFK SRLQW LQ WKH JULG 7ZR VHSDUDWH
WHVWV ZHUH FRQGXFWHG DLPHG DW WKH UHFRJQLWLRQ DFFXUDF\ RI DFWXDO DQG GLVFRYHUHG DFWLYLWLHV UHVSHF
WLYHO\ 5HVXOWV IRU WKH EHVW FRQஹ஭JXUDWLRQ RI SDUDPHWHUV ZLWK UHVSHFW WR DFWXDO DFWLYLWLHV DUH VKRZQ LQ
7DEOH  ZKHUH WKH FRUUHVSRQGLQJ YDOXH IRU GLVFRYHUHG DFWLYLWLHV LV DOVR VKRZQ $V H[SHFWHG EHWWHU UH
VXOWV DUH DFKLHYHG IRU DFWXDO DFWLYLWLHV LQ DGOQRUPDO GXH WR EHWWHU FRUUHVSRQGHQFH EHWZHHQ DFWXDO DQG
GLVFRYHUHG DFWLYLWLHV 7KH DFKLHYHG DFFXUDF\ LV YHU\ KLJK FRQஹ஭UPLQJ WKH FDSDFLW\ RI WKH PHWKRG RI
EXLOGLQJ UHOLDEOHPRGHOV 7KH UHVXOWV REWDLQHG IRU WKH DUXED DQG NDVW VKRZ WKDW WKH SURSRVHG UHFRJQL
WLRQ V\VWHP LV DEOH WR FUHDWHPRGHOV RI GLVFRYHUHG DFWLYLWLHVZLWKQR DVVXPSWLRQ UHJDUGLQJ WKH SDUWLFXODU
VFHQDULR 2Q WKH RWKHU KDQG UHVXOWV RQ DFWXDO DFWLYLWLHV LQ WKHVH GDWDVHW VXஸIHU IURP WKH SRRU FRUUH
VSRQGHQFH EHWZHHQ GLVFRYHUHG DFWLYLWLHV DQG DFWXDO DFWLYLWLHV 7KH VHWWLQJ IRU SDUDPHWHUVկ DQG֒ LV
DOVR GHSHQGHQW RQ WKH VSHFLஹ஭F GDWDVHW VXFK YDOXHV QHHG WR EH FDUHIXOO\ FKRVHQ ZLWK UHVSHFW WKH GDWD DW
KDQG DV WKH\ EDVLFDOO\ UHSUHVHQW KRZGLஸIHUHQW DFWLYLW\ GHஹ஭QLWLRQV DUHPLUURUHG LQWR WKH FRUUHVSRQGLQJ
GDWDVHWV
 (ৢ৙০৛৭ ৗৣৢ১৩ৡ৤২ঢ়ৣৢ ৣ৤২ঢ়ৡঢ়৮৕২ঢ়ৣৢ ৖৭ ৤৙৕য় ৠৣ৕৘ ১ড়৕৪ঢ়ৢ৛
7KH ODFN RI D VXஸஹ஭FLHQWO\ ULFK GDWDVHW WR PHDVXUH WKH HஸIHFWV RI UHDOWLPH XVHU DFWLYLW\ UHFRJQLWLRQ RQ
HQHUJ\ XVDJH RSWLPL]DWLRQ PRWLYDWHG XV WR JHQHUDWH V\QWKHWLF GDWD WR DVVHVV WKH SHUIRUPDQFH RI WKH
('2EORFN 6LPXODWLRQ WDNHV DGYDQWDJH RI WKH W\SLFDO KRPH DSSOLDQFH SURஹ஭OHV DV GRFXPHQWHG LQ >@
DGGLWLRQDO SURஹ஭OHV ZHUH JHQHUDWHG E\ XVLQJ WKH PRGHOV SURSRVHG LQ >@ :LWK VXFK LQIRUPDWLRQ IHG
LQWR WKH ('6EORFN WZR HQHUJ\ GHPDQG FXUYHV FDQ EH FRPSXWHG LQ RUGHU WR FRPSDUH WKH SHUIRUPDQFH
7DEOH  %HVW UHVXOWV LQ UHFRJQLWLRQ DFFXUDF\դ դ՛ N կ ֒ "DUVBM %JTDPWFSFE
DGOQRUPDO       
DUXED       
NDVW       

7DEOH  &RUUHVSRQGHQFH EHWZHHQ DFWLYLWLHV DQG WKH UHODWLYH DSSOLDQFHV
"DUJWJUZ "QQMJBODFT
0HDO 3UHSDUDWLRQ 	*. /*1  $-*21 *1 )  //' 
&OHDQLQJ 00( ' ) -
(DWLQJ DQG 0HGLFDWLRQ 8VH *!!  (& -
7HOHSKRQH XVH (+
+DQG :DVKLQJ 
)./)/) *0. / - 	 / -
7DEOH  /LVW RI DSSOLDQFHV DVVRFLDWHG WR VFKHGXODEOH DQG EDVHOLQH ORDGV
-PBE DBUFHPSZ "QQMJBODFT
6FKHGXODEOH .#$)" (#$)  0(' -4 - $.#2.# -
%DVHOLQH  !-$" -/*- ' /-$ # /$)" -  5 - $- *)$Ζ
/$*) - $-0'/$*) 0(+
REWDLQHG ZLWKRXW WKH LQWHUYHQWLRQ RI WKH ('2 EORFN ZLWK WKH RQH UHVXOWLQJ IURP WKH LQFOXVLRQ RI
WKH HQHUJ\ RSWLPL]HU ,Q WKH IRUPHU FDVH WKH ('6 ZDV WXQHG WR VLPXODWH D W\SLFDO GRPHVWLF XVDJH
FRQVLGHULQJ WKH DFWXDO VHTXHQFH RI DFWLYLWLHV LQ D IDVKLRQ VLPLODU WR >@ >@ ,Q WKH ODWWHU FDVH WKH
RSWLPL]HG HQHUJ\ GHPDQG LV FRPSXWHG E\ IROORZLQJ WKH LQGLFDWLRQV RI WKH ('2EORFN DERXW WRJJOLQJ
WKH DSSOLDQFHV RQ DQG RஸI
7HVWV ZHUH FRQGXFWHG E\ FRQVLGHULQJ WKH DGOQRUPDO GDWDVHW VR DV WR EXLOG DQ HQHUJ\ SURஹ஭OH IRU
HDFK RI WKH ஹ஭YH WUDFNHG DFWLYLWLHV QDPHO\ 7HOHSKRQH XVH +DQG :DVKLQJ 0HDO 3UHSDUDWLRQ (DWLQJ
DQG 0HGLFDWLRQ 8VH DQG &OHDQLQJ 7DEOH  LQGLFDWHV WKH VXEVHW RI DSSOLDQFHV LQYROYHG LQ WKHLU
H[HFXWLRQ $GOQRUPDO DFWLYLWLHV RIிHQ VSDQ D VKRUW LQWHUYDO KHQFH WKH VLPXODWLRQ PDNHV XVH RI WLPH
VOLFHV RI DSSURSULDWH OHQJWK  PLQXWHV LQ WKLV FDVH
$V UHJDUGV WKH XVHU SODQ LWZDV DVVXPHG WKDW WKH DSSOLDQFHVZKRVH XVHZDV VXLWDEOH WR EH VFKHGXOHG
ZHUH WKRVH UHSRUWHG LQ WKH ஹ஭UVW URZ RI 7DEOH  ZKLOH WKH EDVHOLQH ORDGV ZHUH VLPXODWHG DFFRUGLQJ WR
WKH GHYLFHV UHSRUWHG LQ WKH VHFRQG URZ 7KH GHSHQGHQFLHV EHWZHHQ GLஸIHUHQW WDVNV ZDV DOVR FRGHG
ZKHUH DSSOLFDEOH IRU LQVWDQFH WKH XVH RI WKH 0(' -4 - LV RQO\ DGPLVVLEOH DIிHU WKH .#$)"
(#$) WDVN KDV EHHQ FRPSOHWHG ,Q WKH H[SHULPHQWV WKH SUHVHW WKUHVKROG IRU OLPLWLQJ SHDNV LQ
HQHUJ\ GHPDQG ZDV VHW WR  N: LQ RUGHU WR VROYH WKH NQDSVDFN SUREOHP WKH FDSDFLW\ PD\ WKXV EH
UHFRPSXWHG DW HDFK WLPH VWHS E\ VXEWUDFWLQJ WKH SUHGLFWHG HQHUJ\ GHPDQG GXH WR WKH XVHU DFWLYLW\

IURP VXFK WKUHVKROG VHH 'HI  RQ S 
)LJXUH  VKRZV VRPH VLJQLஹ஭FDQW H[DPSOHV RI WKH RXWFRPH RI WKH SHDN VKDYLQJ DOJRULWKP 7KH
UHSRUWHG FKDUWV DUH UHSUHVHQWDWLYH RI WKH FDVHVZKHUH HQHUJ\GHPDQGZDV VXFFHVVIXOO\PDLQWDLQHGEHORZ
WKH SUHVHW WKUHVKROG RYHUDOO WKH V\VWHP PDQDJHG WR UHGXFH WKH QXPEHU RI XQDFFHSWDEOH SHDNV E\
DERXW  RQ V\QWKHWLF GDWD KRZHYHU WKHUH ZHUH FLUFXPVWDQFHV ZKHQ WKH H[FHVV RI HQHUJ\ GHPDQG
FRXOG QRW EH DYRLGHG GXH IRU LQVWDQFH WR WKH FRPELQHG HஸIHFW RI WKH XVHU SODQ DQG WKH UHTXLUHPHQWV RI
WKH FXUUHQW DFWLYLW\ RU PXFK OHVV IUHTXHQWO\ WR D ZURQJ SUHGLFWLRQ RI WKH DFWLYLW\ UHFRJQLWLRQPRGXOH
7KH WZR FKDUWV VKRZQ LQ WKH WRSPRVW URZ LOOXVWUDWH D FRPPRQ VLWXDWLRQZKHQ WKH RSHUDWLQJ WLPH
RI VRPH EDVHOLQH DSSOLDQFHV LV GHOD\HG XQWLO WKH RYHUDOO ORDG IDOOV EHORZ WKH JLYHQ WKUHVKROG VHH WKH
VKDGRZHG DUH LQ WKH FKDUWV
$ GLஸIHUHQW EHKDYLRU LV VKRZQ LQ WKH PLGGOH URZ ZKHUH WKH RULJLQDO ORDGV DUH SUHVXPDEO\ GXH
WR DSSOLDQFHV IRU ZKLFK D FRQVLGHUDEOH VODFN WLPH ZDV SURYLGHG WKH ஹ஭QDO HஸIHFW LV WKDW WKH V\VWHP LV
DOORZHG WR JLYH SULRULW\ WR WKH HQHUJ\ FRQVWUDLQW DW WKH H[SHQVH RI VOLJKWO\ EHQGLQJ WKH UHTXLUHPHQWV RI
WKH XVHUV ZKR H[SHULHQFH D GHOD\ LQ WKH VHUYLFHV RஸIHUHG E\ EDVHOLQH DSSOLDQFHV EDVLFDOO\ RYHUWKUHVKROG
ORDGV DUH LPPHGLDWHO\ VZLWFKHG RஸI DQG WKHLU UHDFWLYDWLRQ LI DQ\ IDOOV EH\RQG WKH FXUUHQWO\ VKRZQ
ZLQGRZ
)LQDOO\ WKH ODVW URZ VKRZV D VSHFLஹ஭F LQVWDQFH RI WKH DFWLRQ RI WKH RSWLPL]HU RQ VFKHGXODEOH ORDGV
7KRVH DUH W\SLFDOO\ FKDUDFWHUL]HG E\ ORQJ DFWLYDWLRQ WLPHV IRU LQVWDQFH RQH VXFK ORDG LV SUHVHQW IRU
DERXW  PLQXWHV IURP WLPH  WR  LQ WKH OHIி FKDUW 7KH ULJKW FKDUW VKRZV WKH DFWLRQ RI WKH
RSWLPL]HU UHVXOWLQJ LQ DQ LPPHGLDWH UHVFKHGXOLQJ RI WKH FULWLFDO ORDGV ZKLFK DUH WHPSRUDULO\ UHPRYHG
WKLV LV IROORZHG E\ DQ DGGLWLRQDO GHDFWLYDWLRQ DW WLPH ֏φ DQG VRPH ORDGV DSSHDULQJ DJDLQ DW WLPH ֏ϵ
+RZHYHU LW LV HYLGHQW IURP WKH FKDUW WKDW DW WLPH ֏ϵ VRPH ORDGV VWDUW إFRPSHWLQJئ IRU UHDFWLYDWLRQ
WKXV SURGXFLQJ DQ RVFLOODWLRQ LQ WKH RSWLPL]HU EHKDYLRU WKLV LV OLNHO\ GXH WR WKHLU UHODWLYHO\ VLPLODU
SULRULWLHV RU VLPSO\ WR DQ LQWULQVLF إEXUVW\ئ FRQVXPSWLRQ ZKLFK LV W\SLFDO RI VRPH DSSOLDQFHV VXFK











































































2ULJLQDO GHPDQG ,PSURYHG GHPDQG
)LJXUH  &RPSDULVRQ RI RULJLQDO HQHUJ\ GHPDQG DQG WKH RQH REWDLQHG DIWHU DSSO\LQJ WKH SURSRVHG DSSURDFK

7R LWHUDWH ॾ KXPDQ WR UHFXUVH GLYLQH
/ 3HWHU 'HXWVFK
4
)RUPDO /DQJXDJHV IRU 0RELOLW\ 0RGHOV
7ড়৙ ড়ঢ়৛ড় ৚ৠ৙৬ঢ়৖ঢ়ৠঢ়২৭ ৣ৚ ৕ৠ৛ৣ০ঢ়২ড়ৡ১ ৖৕১৙৘ ৣৢ 6২৕২ঢ়১২ঢ়ৗ৕ৠ /৙৕০ৢঢ়ৢ৛ LV DOVR WKHLU ZHDNHVW
SRLQW &RQVLGHULQJ DQDO\VLV RI YHU\ ODUJH DQG XQVWUXFWXUHG GDWD SHUIRUPDQFH RI WKHVH DOJRULWKPV LQ
WHUPV RI NQRZOHGJH H[WUDFWLRQ LV YHU\ KDUG WR DVVHVV EHFDXVH WKH\ FDQ QRW JLYH UHDO LQVLJKWV DERXW WKH
PRVW VLJQLஹ஭FDQW IHDWXUHV RI GDWD LQGHHG WKH\ DUH HQFRGHG DV إEODFNER[HVئ LH WKH VHW RI SDUDPHWHUV
XVHG WR WXQH WKH OHDUQLQJ DOJRULWKPV 7KXV RQO\ SDUDPHWHUV WR DGDSW NQRZQ K\SRWKHVHV WR WKH GDWD
DUH DYDLODEOH UHODWLRQV FDQ EH IRXQG RQO\ LI WKH\ DUH VXSSRVHG WR H[LVW +\SRWKHVHV DUH UHSUHVHQWHG E\
FODVV RI IXQFWLRQV DQG RSHUDWRUV WKHUHIRUH SDUDPHWHUV FDQ KDUGO\ EH XQGHUVWRRG LQ WHUPV RI RULJLQDO
GDWD DQG FKRRVLQJ EHWZHHQ VHYHUDO PRGHOV WKDW ஹ஭W WKH GDWD FRPSDUDEO\ ZHOO LV UDWKHU LPSRVVLEOH
$ VKLIி LQ SHUVSHFWLYH PD\ EH RI KHOS WR WDFNOH ZLWK WKH XQDGGUHVVHG JRDO RI UHSUHVHQWLQJ NQRZO
HGJH E\ PHDQV RI WKH VWUXFWXUH LQIHUUHG IURP WKH FROOHFWHG VDPSOHV PRUH VSHFLஹ஭FDOO\ FRQFHSWV DQG

PHWKRGV ERUURZHG IURP$OJRULWKPLF /HDUQLQJ 7KHRU\ $/7 ZKLFK UHOLHV RQ IRUPDO ODQJXDJHV DQG
DXWRPDWD FDQ EH YHU\ XVHIXO LQ NQRZOHGJH H[WUDFWLRQ 8QOLNH LWV VWDWLVWLFDO FRXQWHUSDUW $/7GRHV QRW
UHTXLUH DQ\ VSHFLஹ஭F FRQVWUDLQWV RQ WKH VWDWLVWLF SURSHUWLHV RI WKH DYDLODEOH GDWD DQG LW UDWKHU UHOLHV RQ
IRUPDO ODQJXDJHV DQG DXWRPDWD WKHRU\ ,WVPRVW LQWHUHVWLQJ SHFXOLDULW\ LV WKDW WKH REWDLQHG NQRZOHGJH
LV V\QWDFWLFDOO\ GULYHQ KHQFH LQWULQVLFDOO\ إVWUXFWXUDOئ
,Q WKLV IUDPHZRUN NQRZOHGJH H[WUDFWLRQ PD\ EH IRUPXODWHG LQ WHUPV RI *UDPPDWLFDO ,QIHUHQFH
*, >@ DQ LQGXFWLYH SURFHVV DEOH WR VHOHFW WKH EHVW JUDPPDU DFFRUGLQJ WR DPHWULF WKDW LV FRQVLVWHQW
ZLWK WKH VDPSOHV DFFRUGLQJ WR WKH OHDUQLQJ PRGHO NQRZQ DV LGHQWL؀FDWLRQ LQ WKH OLPLW >@ 8QOLNH
VWDWLVWLFDO DSSURDFKHV GDWD LV QRW HQFRGHG LQWR D YHFWRULDO VSDFH UDWKHU LW LV UHJDUGHG DV VWULQJV JHQHUDWHG
E\ DQ XQNQRZQ JUDPPDU >@
*, FDQ EH VXFFHVVIXOO\ DSSOLHG LQ RUGHU WR JHW UHOHYDQW LQVLJKWV DERXW WKH KLGGHQ VWUXFWXUH HPEHG
GHG LQ ODUJH FROOHFWLRQV RI GDWD HQDEOLQJ WKH XVHU WR DVN DQG DQVZHU WR QHZ NLQGV RI TXHVWLRQV WDNLQJ
DGYDQWDJH RI WKH JHQHUDWLYH PRGHOV REWDLQHG E\ WKH LQGXFWLYH SURFHVV ,QGHHG JUDPPDUV DUH YHU\ LQ
IRUPDWLYH LI XVHG WR H[SODLQ WKH UHODWLRQV EHWZHHQ GLஸIHUHQW VXEVHWV RI VDPSOHV 0RUHRYHU WKDQNV WR
WKHLU UHFXUVLYH QDWXUH JUDPPDUV DUH DOVR DEOH WR SHUIRUP PXOWLVFDOH DQDO\VHV ஹ஭QGLQJ RXW ZKDW WKH
PRVW UHFXUUHQW UHODWLRQV DW GLஸIHUHQW JUDQXODULWLHV RI GDWD DUH
$OO WKHVH FRQFHUQV DUH DOVR FHQWUDO LQ GDWD PLQLQJ ZKRVH PDLQ JRDO LV WR KLJKOLJKW WKH PRVW LP
SRUWDQW FKDUDFWHULVWLF UHODWLRQV LQ GDWD LQ RUGHU WR SUHGLFW IXWXUH WUHQGV WKXV *, FDQ EH WKH ULJKW WRRO
WR HQDEOH D GHHSHU XQGHUVWDQGLQJ RI ODUJH FROOHFWLRQV RI GDWD FKDUDFWHUL]HG E\ FRXQWHULQWXLWLYH DQG
KDUG WR JXHVV UHODWLRQV
,Q RUGHU WR KLJKOLJKW WKH SRWHQWLDO RI WKH VXJJHVWHG DSSURDFK JUDPPDWLFDO LQIHUHQFH DQG PRUH
VSHFLஹ஭FDOO\ LQIHUHQFH RI UHJXODU ODQJXDJHV >@ LV DSSOLHG WR WKH SUREOHP RI LQIHUULQJPRELOLW\PRGHOV
,Q WKLV FRQWH[W WKH DYDLODELOLW\ RI JHQHUDWLYH DQG PXOWLVFDOH PRGHOV DOORZV WR VLPXODWH DQG SUHGLFW
FKDQJHV LQ XVHU KDELWV DFFRUGLQJ WR YDULDWLRQV LQ YLDEOH SDWKV

 .ৢৣ৫ৠ৙৘৛৙ ৕ৢ৘ ৚ৣ০ৡ৕ৠ ৠ৕ৢ৛৩৕৛৙১
7KUHHPDLQ IRUPVRI NQRZOHGJH FDQEH LGHQWLஹ஭HG DFFRUGLQJ WR >@ GHFODUDWLYH SURFHGXUDO DQG VWUXF
WXUDO
ت GHFODUDWLYH LW H[SUHVVHV WKH DZDUHQHVV DERXW VRPH LWHPV RU HYHQWV RU FRQFHSWV  ,W LV WKH NQRZO
HGJH RI WKH ԢNQRZLQJ WKDWԣ LH LW DOORZV WR LGHQWLI\ DQG GHVFULEH DQ LWHP RU D FRQFHSW EXW LW
GRHV QRW HQDEOH WR XVH WKHP
ت SURFHGXUDO LW GHVFULEHV KRZ OHDUQHUV XVH RU DSSO\ GHFODUDWLYH NQRZOHGJH LW LV WKH NQRZOHGJH RI
ԢNQRZLQJ KRZԣ
ت VWUXFWXUDO LW PHGLDWHV WKH WUDQVODWLRQ RI GHFODUDWLYH LQWR SURFHGXUDO NQRZOHGJH DQG IDFLOLWDWHV
WKH DSSOLFDWLRQ RI WKH ODWWHU LW LV WKH NQRZOHGJH RI KRZ FRQFHSWV ZLWKLQ D GRPDLQ DUH LQWHUUH
ODWHG LW LV WKH NQRZOHGJH RI ԢNQRZLQJ ZK\ԣ
6RPH UHVHDUFKHUV FRQVLGHU VWUXFWXUDO NQRZOHGJH DV SDUW RI WKH GHFODUDWLYH RQH >@ EXW WKH H[LV
WHQFH RU QDWXUH RI VWUXFWXUDO NQRZOHGJH LV QRW XQGHUPLQHG E\ WKLV DVVXPSWLRQ >@
6WUXFWXUDO NQRZOHGJH LV GLஸIHUHQW IURP VWUXFWXUHG NQRZOHGJH 6WUXFWXUHG NQRZOHGJH W\SLFDOO\
UHIHUV WR D GHVFULSWLRQ WKURXJK HQWLWLHV DQG UHODWLRQVKLSV WKH IRFXV LV RQ KRZ NQRZOHGJH LWVHOI LV RU
JDQL]HG 2Q WKH RWKHU KDQG VWUXFWXUDO NQRZOHGJH GHDOV ZLWK WKH W\SH RI NQRZOHGJH WR EH DFTXLUHG
UDWKHU WKDQ WKH ZD\ LW LV RUJDQL]HG WKH HPSKDVLV LV RQ WKH RUJDQL]DWLRQ DQG VWUXFWXUH RI WKH REMHFWV RI
WKH DQDO\VLV
)RUPDO ODQJXDJHV DUH WKH EHVW WRRO WR UHSUHVHQW RUJDQL]H DQG SURFHVV VWUXFWXUDO NQRZOHGJH EH
FDXVH WKH\ SURYLGH D UHSUHVHQWDWLRQ IRFXVHG RQ WKH GHVFULSWLRQ RI WKH UHODWLRQV EHWZHHQ WKHLU HOHPHQWV
$ IRUPDO ODQJXDJH LV D VHW ஹ஭QLWH RU LQஹ஭QLWH RI VHQWHQFHV HDFK ஹ஭QLWH LQ OHQJWK DQG PDGH XS RI D ஹ஭QLWH
VHW RI HOHPHQWV >@
,Q WKLV FRQWH[W FRQFHSW UHIHUV WR D FODVV RI HTXLYDOHQFH WKDW FDQ EH GHVFULEHG WKURXJK D ஹ஭QLWH VHW RI DVVHUWLRQV
PRUHRYHU DQ HஸIHFWLYH SURFHGXUH WR FODVVLI\ LW PXVW H[LVW >@

7KLV GHஹ஭QLWLRQ DV &KRPVN\ VXJJHVWV >@ FDQ EH HDVLO\ DGDSWHG WR QDWXUDO ODQJXDJHV EXW DOVR
VHQWHQFHV GUDZQ E\ D IRUPDOL]HG PDWKHPDWLFDO V\VWHP FDQ EH FRQVLGHUHG DV D ODQJXDJH ,Q WKH FRQWH[W
RI WKLV WKHVLV XQGHU VRPH UHVWULFWLRQV LW LV FODLPHG WKDW WKH VHQVRU\ GDWD FROOHFWHG GXULQJ DQ REVHUYD
WLRQ RI DQ HYHQW FDQ EH FRQVLGHUHG DV SURGXFHG E\ DQ KLGGHQ ODQJXDJH WKDW DFWV DV PRGHO RI WKH HYHQW
LWVHOI
,Q D UHFHQW ZRUN >@ VRPH UHVHDUFKHUV GLVFRYHUHG WKDW WKH XQGHUVWDQGLQJ RI D FRQQHFWHG VSHHFK
JLYHV ULVH WR WKH FRQFXUUHQW WUDFNLQJ RI GLஸIHUHQW WLPHVFDOHV LQ RUGHU WR LGHQWLI\ DEVWUDFW OLQJXLVWLF VWUXF
WXUHV DW GLஸIHUHQW KLHUDUFKLFDO OHYHOV 'LஸIHUHQW QHXUDO SURFHVVLQJ WLPHVFDOHV VXJJHVW D JUDPPDUEDVHG
LQWHUQDO FRQVWUXFWLRQ RI WKH OLQJXLVWLF VWUXFWXUH 7KXV LW LV D FOHDU FOXH WKDW JUDPPDUEDVHG UHSUHVHQWD
WLRQV DUH HஸIHFWLYH DQG Hஸஹ஭FLHQW PHWKRGV WR UHSUHVHQW DQG KDQGOH FRPSOH[LW\ LQ NQRZOHGJH H[WUDFWLRQ
SURFHVV
 )ৣ০ৡ৕ৠ ৠ৕ৢ৛৩৕৛৙ ০৙৤০৙১৙ৢ২৕২ঢ়ৣৢ
7ZR GLஸIHUHQW GHVFULSWLRQV FDQ EH DVVRFLDWHG WR D ODQJXDJH JHQHUDWLYH DQG UHFRJQLWLRQEDVHG
(FOFSBUJWF $FFRUGLQJ WR WKLV GHVFULSWLRQ D ODQJXDJH FRUUHVSRQGV WR WKH VHW RI VWULQJV JHQHUDWHG E\ D
JUDPPDU $ JUDPPDU LV D IRUPDO V\VWHP DEOH WR WUDQVIRUP DQ LQSXW WKURXJK D VHW RI SUHGHஹ஭QHG
UXOHV 7KH GLஸIHUHQW DELOLWLHV RI WKH DGRSWHG VHW RI WUDQVIRUPDWLRQ UXOHV LQGXFH D KLHUDUFK\ RI
JHQHUDWLYH JUDPPDUV >@ *HQHUDWLYH GHVFULSWLRQ LV DSSHDOLQJ WR KXPDQV EHFDXVH LW LV LQWX
LWLYH DQG FRPSDFW EXW WKHLU VWUDLJKWIRUZDUG LPSOHPHQWDWLRQ LV LQHஸஹ஭FLHQW
3FDPHOJUJPOCBTFE EFTDSJQUJPO ,Q WKLV GHVFULSWLRQ D ODQJXDJH LV FRQVLGHUHG DV WKH VHW RI VWULQJV
DFFHSWHG E\ DQ DXWRPDWRQ $Q DXWRPDWRQ LV D IRUPDO V\VWHP WKDW DFFHSWV D VHQWHQFH DV LQSXW
DQG GHWHUPLQHV LI WKH VHQWHQFH EHORQJV WR D ODQJXDJH 5HFRJQLWLRQEDVHG GHVFULSWLRQV DUH DS
SHDOLQJ WR PDFKLQHV EHFDXVH DXWRPDWD DUH IRUPDO FRPSDFW ORZOHYHO PDFKLQHV WKDW FDQ EH
LPSOHPHQWHG HDVLO\ DQG Hஸஹ஭FLHQWO\ EXW KDUGO\ XQGHUVWDQGDEOH IRU D XVHU
7KLV GXDO GHVFULSWLRQ RI D ODQJXDJH LV D NH\ IDFWRU LQ WKH VFHQDULR RI VHQVRU\ GDWD DQDO\VLV LQGHHG

WKHUH DUH WZRPDMRU LVVXHV ZLWK WKLV NLQG RI GDWD WKH GLஸஹ஭FXOW\ WR YLVXDOL]H LW DQG WKH GLஸஹ஭FXOW\ WR WKLQN
DERXW WDUJHWV RI NQRZOHGJH H[WUDFWLRQ LQ WHUPV RI UDZ GDWD
7KH ஹ஭UVW SUREOHP LV FRPPRQ WR HYHU\ DSSOLFDWLRQ UHODWHG WR WKH DQDO\VLV RI JUHDW TXDQWLW\ RI GDWD
1RZDGD\V ELJ GDWD LV YHU\ FRPPRQ GXH WR WKH JUHDW QXPEHU RI FKHDS GHYLFHV DEOH WR SURYLGH D VWHDG\
VWUHDP RI PHDVXUHV RIிHQ WKLV UHTXLUHV DQ RUJDQL]DWLRQ RI GDWD LQ D KLJKGLPHQVLRQDO VSDFH LQGXFLQJ
VHYHUDO LVVXHV FDXVHG E\ WKH FXUVH RI GLPHQVLRQDOLW\ 6R GDWD QHHGV WR EH REVHUYHG IURP WKH ULJKW SRLQW
RI YLHZ SLFNLQJ RQO\ LWV VLJQLஹ஭FDQW DWWULEXWHV
,Q WKH SDVW WKLV SURFHVV ZDV FDUULHG RXW E\ DQ H[SHUW RI WKH DSSOLFDWLRQ GRPDLQ ZKR VHOHFWHG WKH
PRVW UHOHYDQW DWWULEXWHV DQG YDOLGDWHG WKH PRGHOV GUDZQ E\ GDWD DQDO\VLV DFFRUGLQJ WR KLV NQRZOHGJH
DQG H[SHUWLVH 7KLV DSSURDFK LV QRW IHDVLEOH DQ\PRUH IRU ELJ GDWD EHFDXVH LW LV LPSRVVLEOH WR FKHFN
DOO WKH FKRLFHV RI DWWULEXWHV 0RUHRYHU LQ VHQVRU\ GDWD VFHQDULR DW WKH EHJLQQLQJ RI WKH DQDO\VLV WKHUH
DUH QR FOXHV DERXW ZKDW WKH EHVW FDQGLGDWH IHDWXUHV DUH 7KXV DQ Hஸஹ஭FLHQW WRRO DEOH WR VXJJHVW D VHW RI
SRVVLEOH GDWD UHSUHVHQWDWLRQV LQ D KXPDQXQGHUVWDQGDEOH IRUP LV HVVHQWLDO IRU DQ HஸIHFWLYH GDWD DQDO\VLV
7KH VHFRQG SUREOHP LV VWULFWO\ WLHG ZLWK WKH ஹ஭UVW 0RGHOV REWDLQHG E\ WUDGLWLRQDO0DFKLQH /HDUQ
LQJ DOJRULWKP DUH GHVFULEHG E\ WKH VHW RI WKHLU SDUDPHWHU YDOXHV WKDW DUH KDUGO\ FRUUHODWHG ZLWK WKH
RULJLQDO UHSUHVHQWDWLRQ RI GDWD +XPDQ YDOLGDWLRQ RIPRGHOV LV WKHUHIRUH LQIHDVLEOH HVSHFLDOO\ EHWZHHQ
PRGHOV WKDW SHUIRUPV HTXDOO\ ZHOO RQ WHVW GDWD 0RUHRYHU WKLV NLQG RI PRGHOV GRHV QRW SURYLGH DQ\
QHZ LQVLJKW LQ GDWD ZKLOH RIிHQ WKLV LV WKH WUXH DLP RI WKH DQDO\VLV 2Q WKH RWKHU KDQG WUDGLWLRQDO DS
SURDFKHV DUH YHU\ Hஸஹ஭FLHQW WR FRSH ZLWK WKH FRPSXWDWLRQDO EXUGHQ LPSOLHG E\ ELJ GDWD DQDO\VLV ZKLOH
WUDGLWLRQDO V\PEROLF DSSURDFKHV FDQQRW EH HPSOR\HG EHFDXVH RI WKHLU KLJK FRPSXWDWLRQDO FRVWV
7KHUHIRUH DQ DSSURDFK WKDW SURYLGHV WKH Hஸஹ஭FLHQF\ RI DXWRPDWD DQG WKH UHSUHVHQWDWLRQ SRZHU RI
JUDPPDUV FDQ EH WKH NH\ WR RYHUWDNH WKH KXUGOHV LQ WKH DQDO\VLV RI JUHDW TXDQWLW\ RI VHQVRU\ GDWD
 *০৕ৡৡ৕০১
$ JHQHUDWLYH JUDPPDU LV D TXDGUXSOH >@ >@

ը  	ဿӴշ ӴմӴձ

ZKHUH
ت ဿ LV D VHW RI WHUPLQDO V\PEROV FDOOHG DOSKDEHW VWULQJV RI WKH ODQJXDJH DUH PDGH XS RI WKHVH
V\PEROV
ت շ LV D VHW RI VRFDOOHG QRQWHUPLQDOV YDULDEOॽ RU V\QWDFWLF YDULDEOॽշ LV GLVMRLQWHG IURPဿ
ت մ LV WKH VWDUW V\PERO LH WKH QRQWHUPLQDO UHSUHVHQWLQJ WKH ODQJXDJH EHLQJ GHஹ஭QHG
ت ձ LV D ஹ஭QLWH VHW RI SURGXFWLRQV RU UXOॽ WKDW LV DQ RUGHUHG VHW RI SDLUV RI VWULQJV (DFK SURGXFWLRQ
WDNHV WKH IRUP ှ݂ ၀
ZLWKှ ୮ 	ဿ ૌ շ 
੟շ 	ဿ ૌ շ 
੟ DQG၀ ୮ 	ဿ ૌ շ 
੟ ှ LV FDOOHG KHDG RI WKH SURGXFWLRQ
ZKLOH၀ ERG\ 7KLV PHDQV WKDW VWULQJ RI HOHPHQWVှ FDQ EH UHSODFHG E\ RU UHZULWWHQ DV VWULQJ
RI HOHPHQWV၀
,QFUHDVLQJ UHVWULFWLYH FRQGLWLRQV RQ SURGXFWLRQV GHஹ஭QH D KLHUDUFK\ RI JUDPPDUV >@ >@
5ZQF HSBNNBST DUH DOVR FDOOHG XQUHVWULFWHG UHZULWLQJ V\VWHPV EHFDXVH WKHLU SURGXFWLRQV DUH QRW UH
VWULFWHG E\ DQ\ OLPLWLQJ FRQGLWLRQ 7KH DXWRPDWRQ WKDW DFFHSWV WKH ODQJXDJH RI WKHVH JUDPPDUV
LV WKH 70
5ZQF HSBNNBST GRHV QRW FRQWDLQ DQ\ SURGXFWLRQ ZKRVH DSSOLFDWLRQ UHGXFHV WKH OHQJWK RI WKH
UHVXOWLQJ VWULQJ 3URGXFWLRQV RI WKHVH JUDPPDUV KDYH WKH IRUP
ᆿφբᆿϵ ݂ ᆿφှᆿϵ
ZLWKᆿφӴᆿϵӴှ ୮ 	ဿ ૌ շ 
੟ DQGբ ୮ շ 

*UDPPDUV RI WKLV W\SH DUH D VXEVHW RI WKH W\SHЈ JUDPPDUV $XWRPDWD WKDW DFFHSW ODQJXDJH RI
WKHVH JUDPPDUV DUH FDOOHG /LQHDU %RXQGHG $XWRPDWD
5ZQF HSBNNBST DOORZ RQO\ UXOHV ZKRVH KHDGV DUH OLPLWHG WR RQH QRQWHUPLQDO DQG ERGLHV FDQ QRW
WDNH RQ WKH HPSW\ VWULQJ ᇊ DV YDOXH 3URGXFWLRQV KDYH WKLV IRUP
բ݂ ှ
ZLWK ᆿφӴᆿϵӴှ ୮ 	ဿ ૌ շ 
੟ ਷ ᇊ DQG բ ୮ շ  7KHVH JUDPPDUV DUH D VXEVHW RI W\SH
JUDPPDUV $XWRPDWD WKDW UHFRJQL]H WKH ODQJXDJH RI WKHVH W\SH JUDPPDUV DUH FDOOHG 3XVK
'RZQ $XWRPDWD
5ZQF HSBNNBST KDYH SURGXFWLRQV ZLWK WKH IRUP
բ݂ ျգ RU բ݂ գျ
ZLWKբ ୮ շ Ӵգ ୮ 	շ ૌ \ᇊ^
 DQGျ ୮ \ဿ ਷ ᇊ^ 7KHVH JUDPPDUV DUH D VXEVHW RI W\SH
JUDPPDUV 0RUHRYHU WKH\ SURGXFH WKH VRFDOOHG UHJXODU ODQJXDJॽ WKDW FDQ EH UHFRJQL]HG E\
)LQLWH $XWRPDWD
7KH ODQJXDJH JHQHUDWHG E\ D JUDPPDUը LV WKH VHW RI VWULQJVဿ੟ WKDW FDQ EH REWDLQHG IURP WKH
VWDUW V\PEROմ DSSO\LQJ SURGXFWLRQV
խ	ը
  \֓ ୮ ဿ੟ ੃ մ ը੟࠴ ֓^
ZKHUH
ը੟࠴ LV WKH UH஺ாH[LYH DQG WUDQVLWLYH FORVXUH RI WKH SURGXFWLRQ UXOHV ը࠴




)RU WKH DLPV RI WKLV WKHVLV LW LV VXஸஹ஭FLHQW WR GHVFULEH )LQLWH 6WDWH $XWRPDWD )6$V EHFDXVH WKH\ KDYH
HQRXJK H[SUHVVLYH SRZHU WR KDQGOH UHJXODU ODQJXDJHV WKDW DUH XVHG LQ WKH FXUUHQW DSSURDFK 1HYHU
WKHOHVV WKH UHVXOWV REWDLQHG FRXOG EH DGDSWHG WR PRUH SRZHUIXO ODQJXDJHV
$ )6$ LV D OLPLWHG YHUVLRQ RI WKH 70 LW LV DQ DEVWUDFW PDFKLQH WKDW FDQ EH LQ RQO\ RQH VWDWH
GUDZQ E\ D ஹ஭QLWH VHW DW D WLPH 7KH WUDQVLWLRQ IURP RQH VWDWH WR DQRWKHU RQH LV WULJJHUHG DFFRUGLQJ WR
D IXQFWLRQZKRVH LQSXWV DUH WKH FXUUHQW VWDWH DQG WKH LQSXW RI WKH )6$ WKLV IXQFWLRQ LV FDOOHG WUDQVLWLRQ
IXQFWLRQ
7KHUH DUH WZRPDLQ W\SHV RI )6$V WKH'HWHUPLQLVWLF )LQLWH $XWRPDWD ')$V DQG WKH1RQGHWHU
PLQLVWLF )LQLWH $XWRPDWD 1)$V
" /'" LV D V\VWHP բ  	ဿӴղӴ ֌ᇊӴ ඪඥӴ ඪබӴ ᇂ

ZKHUH
ဿ LV D VHW RI V\PEROV FDOOHG DOSKDEHWղ LV D ஹ஭QLWH VHW RI VWDWॽ֌ᇊ ୮ ղ LV WKH VWDUW VWDWH RU LQLWLDO VWDWHᇂ ੃ ղ੎ဿ ݂ ղ LV WKH WUDQVLWLRQ IXQFWLRQ ZKRVH LQSXWV DUHղ DQG D V\PERO RIဿ DQG
UHWXUQV D VXEVHW RIղ DV RXWSXWඪඥ ୦ ղ H ඪබ ୦ ղ DUH VHWV RI VWDWH FDOOHG UHVSHFWLYHO\ DFFHSWLQJ DQG UHMHFWLQJ VWDWHV
%'" LV D V\VWHP YHU\ VLPLODU WR WKH SUHYLRXV RQH
բ  	ဿӴղӴ ֌ᇊӴ ඪඥӴ ඪබӴ ᇂ


ZKHUH WKH RQO\ GLஸIHUHQFH ZLWK WKH SUHYLRXV GHஹ஭QLWLRQV UHJDUGV WKH WUDQVLWLRQ IXQFWLRQ ᇂ ,Q
WKLV FDVH LW UHWXUQV RQO\ RQH VWDWH RIղ
1)$ DQG ')$ DUH HTXLYDOHQW D ')$ FDQ EH DOZD\V WUDQVIRUPHG LQWR D 1)$ SUHVHUYLQJ WKH ODQ
JXDJH UHFRJQL]HG DQG YLFHYHUVD 1)$V DUH PRUH FRPSDFW ZLWK UHVSHFW WR ')$V LW FDQ EH VKRZQ WKDW
LQ WKH ZRUVW FDVH ϵ։ VWDWHV DUH QHHGHG E\ D ')$ HTXLYDOHQW WR D 1)$ ZLWK։ VWDWHV
6LPLODUO\ WR JUDPPDUV D')$UHFRJQL]HV RQO\ RQH ODQJXDJH EXW D ODQJXDJH LV UHFRJQL]HGE\ VHYHUDO
')$V $PRQJ DOO WKH ')$V WKDW UHFRJQL]H D UHJXODU ODQJXDJH WKHPLQLPDO FDQRQLFDO DXWRPDWRQ KDV
D SDUWLFXODU LPSRUWDQFH ,W LV XQLTXH IRU HDFK ODQJXDJH EXW IRU D UHQDPLQJ RI WKH VWDWHV DQG KDV D
FHQWUDO UROH LQ WKH SURFHVV RI JUDPPDWLFDO LQIHUHQFH EHFDXVH DOO WKLV SURFHVV FDQ EH WXUQHG LQ D VHDUFK
IRU WKH PLQLPDO FDQRQLFDO DXWRPDWRQ
 ,ৢ৚৙০০ঢ়ৢ৛ ৕ ৠ৕ৢ৛৩৕৛৙
7KLV VHFWLRQ DQDO\]HV WKH LQIHUHQFH RI D ODQJXDJH IURP D VHW RI LWV VDPSOHV IRFXVLQJ RQ UHJXODU ODQ
JXDJHV
$V VWDWHG LQ >@ LQIHUULQJ RU EHWWHU LGHQWLI\LQJ D ODQJXDJH LV WKH PDLQ FRQFHUQ RI *, WKDW LV WKH
SURFHVV RI VHDUFKLQJ IRU D KLGGHQ JUDPPDU E\ OLWWOH LQIRUPDWLRQ DYDLODEOH RIிHQ RQO\ D VHW RI VWULQJV
*, LV FRQWDLQHG LQ WKH ZLGHU IUDPHZRUN RI $/7 D PDWKHPDWLFDO IUDPHZRUN WR VWXG\ PDFKLQH
OHDUQLQJ SUREOHPV DQG DOJRULWKPV >@ $/7 LV EDVHG RQ WKH FRQFHSW RI OHDUQLQJ LQ WKH OLPLW LQ
FUHDVLQJ WKH QXPEHU RI VDPSOHV WKH OHDUQLQJ DOJRULWKP VKRXOG LGHQWLI\ WKH FRUUHFW K\SRWKHVLV RQ HYHU\
SRVVLEOH GDWD VHTXHQFH FRQVLVWHQW ZLWK WKH SUREOHP VSDFH 7KLV LGHD LV D QRQSUREDELOLVWLF HTXLYDOHQW
RI VWDWLVWLFDO FRQVLVWHQF\ ZKHUH WKH OHDUQHU FDQ IDLO RQ GDWD VHTXHQFHV ZKRVH SUREDELOLW\ PHDVXUH LV Ј
&HQWUDO REMHFWV RI $/7 DUH 70V WKXV JUDPPDWLFDO LQIHUHQFH WKURXJK ')$V FDQ EH GHFOLQHG LQ
WKLV IUDPHZRUN /DQJXDJH OHDUQDELOLW\ PRGHOV DUH RQH RI WKH PRVW UHOHYDQW FRQFHSWV LQ $/7
$ ODQJXDJH OHDUQDELOLW\ PRGHO KDV WKUHH PDLQ FRPSRQHQWV
 D GH؀QLWLRQ RI OHDUQDELOLW\ LW VWDWHV ZKDW OHDUQLQJ D ODQJXDJH PHDQV
 DPHWKRG RI LQIRUPDWLRQ SUHVHQWDWLRQ KRZ WKH OHDUQHU LV LQVWUXFWHG GXULQJ WKH OHDUQLQJ SURFHVV

 D QDPLQJ UHODWLRQ ZKLFK DVVLJQV QDPHV WR ODQJXDJHV WKH إOHDUQHUئ LGHQWLஹ஭HV D ODQJXDJH E\
VWDWLQJ RQH RI LWV QDPHV
,Q WKLV FRQWH[W OHDUQDELOLW\ FRUUHVSRQGV WR WKH LGHQWLஹ஭FDWLRQ LQ WKH OLPLW SULQFLSOH
$ SUHVHQWDWLRQ LV D IXQFWLRQᇓ ੃ ඲ ݂ X ZKHUHX LV VRPH VHW 7KH VHW RI DOO SRVVLEOH SUHVHQWDWLRQV
IRU D FODVV RI ODQJXDJHV๭ LV LQGLFDWHGE\Pres	๭
 $SUHVHQWDWLRQ FDQEH FRQVLGHUHG DV DQ HQXPHUDWLRQ
RI WKH HOHPHQWV LQ VRPH VHW X WKLV VHW FDQ EH D VHW RI VWULQJV GUDZQ IURPဿ੟ EXW LQ D EURDGHU VHQVH
LW LV D VHTXHQFH RI LQIRUPDWLRQ RI VRPH W\SH WKDW JXLGHV WKH LGHQWLஹ஭FDWLRQ RI WKH WDUJHW ODQJXDJH
$ SUHVHQWDWLRQ PRGH GHVFULEHV ZKDW YDOLG SUHVHQWDWLRQV DUH DQG WKH ZD\ LQ ZKLFK WKH VHWX LV FUH
DWHG 0RUHRYHU SUHVHQWDWLRQV LQGLFDWH ODQJXDJHV RI๭ LQ RWKHUZRUGV D IXQFWLRQ FDQEH GHஹ஭QHG IURP
Pres	๭
 WR๭ պ ੃ Pres	๭
 ݂ ๭ 7KHUH DUH WZR PDLQ PRGHV RI SUHVHQWDWLRQ IRU D ODQJXDJHխ
ت IURP WH[W D VHTXHQFH RI VWULQJV 	֓φӴ ֓ϵӴ w
 EHORQJLQJ WR WKH ODQJXDJHխ LV SURYLGHG HYHU\
VWULQJ RI խ DSSHDUV DW OHDVW RQFH LQ WKH VHTXHQFH 7KLV SUHVHQWDWLRQ LV NQRZQ DOVR DV SRVLWLYH
SUHVHQWDWLRQ յ	խ
  \ᇓ ੃ ඲ ݂ ဿ੟ ੃ ᇓ	඲
  խ^Ϧ
ت IURP LQIRUPDQW WKH OHDUQHU LV VXSSOLHG ZLWK VWULQJV PDUNHG DV SRVLWYH EHORQJLQJ WR WKH ODQ
JXDJHխ RU QHJDWLYH QRW LQխ 7KLV NLQG RI SUHVHQWDWLRQ LV NQRZQ DV FRPSOHWH
ժ	խ
  \ᇓ ੃ ඲ ݂ ဿ੟ ੎ \ЈӴ φ^ ੃ ᇓ	඲
  խ੎ \φ^ ૌ խ ੎ \φ^^Ӵ
ZKHUHխ LQGLFDWHV WKH FRPSOHPHQW RIխZLWK UHVSHFW WRဿ੟
*UDPPDUV DUH WKH FKRVHQ UHSUHVHQWDWLRQ IRU WKH ODQJXDJHV WKXV WKHQDPLQJ IXQFWLRQ LV D VXUMHFWLYH
IXQFWLRQ ZLWK WKH JUDPPDU VHW DV GRPDLQ DQG WKH VHW RI ODQJXDJHV DV FRGRPDLQ ධ ੃ ๨ ݂ ๭
8VLQJ WKH SUHYLRXV GHஹ஭QLWLRQV D OHDUQLQJ DOJRULWKP FDQ EH GHஹ஭QHG DV >@

%FmOJUJPO  $ OHDUQLQJ DOJRULWKPA LV D IXQFWLRQ ZKRVH LQSXWV DUH WKH ஹ஭UVW ։ HOHPHQWV RI D SUH
VHQWDWLRQ DQG ZKRVH RXWSXW LV D JUDPPDU
A ੃ \ᇓք ੃ ք ୮ ඲Ӵᇓ ୮ Pres	๭
^ ݂ ๨
 ,৘৙ৢ২ঢ়৚ঢ়ৗ৕২ঢ়ৣৢ ঢ়ৢ ২ড়৙ ৠঢ়ৡঢ়২
$PRUH IRUPDO GHஹ஭QLWLRQ RI WKH LGHQWLஹ஭FDWLRQ LQ WKH OLPLW LV WKH IROORZLQJ >@
ǰFPSFN  /HW
ԧ ᇓ  Pres	๭
 EH D SUHVHQWDWLRQ RI WKH ODQJXDJॽ LQ๭
ԧ ᇓ։ EH WKH VHW RI WKH ؀UVW ։ VWULQJV IURP յ 
7KH FODVV RI ODQJXDJॽ๭ ॾ OHDUQDEOH E\ DOJRULWKPA LI૞խ ୮ ๭Ӵ૞ᇓ ୮ Pres	๭
Ӵ ૠֈ ੃ ධ	A	ᇓ։

  խӴ ૞։ ଯ ֈ
7KHRUHP  VWDWHV WKDW D OHDUQHU FDQ LGHQWLI\ D ODQJXDJH LQ WKH OLPLW LI DIிHU D QXPEHU RI SUHVHQWHG
VWULQJV LWV K\SRWKHVॾ QR ORQJHU FKDQJॽ $SSO\LQJ 7KHRUHP  LW FDQ EH VKRZQ WKDW HYHU\ 70 FDQ EH
LGHQWLஹ஭HG LQ WKH OLPLW E\ DQRWKHU 7XULQJFRPSOHWH 0DFKLQH E\ HQXPHUDWLRQ




 0RUHRYHU WDNLQJ DGYDQWDJH RI 'Hஹ஭QLWLRQ  WKH OHDUQDELOLW\ LQ WKH FDVH RI *, FDQ EH
H[SUHVVHG DV IROORZV >@
%FmOJUJPO  7KH FODVV RI๨ LV LGHQWLஹ஭DEOH LQ WKH OLPLW IURP Pres	๨
 LI WKHUH H[LVWV D OHDUQLQJ DOJR
ULWKPA VXFK WKDW
૞ը ୮ ๨Ӵ૞ᇓ ୮ Pres	๨





Ӵ ૞։ ଯ ֈ
,W LV ZRUWK QRWLQJ WKDW 'Hஹ஭QLWLRQ  LPSOLHV WKDW D JUDPPDU HTXLYDOHQW WR WKH WDUJHW JUDPPDUը LV
OHDUQHG 0RUHRYHU WKH OHDUQLQJ DOJRULWKPA GRHV QRW FKDQJH LWV RXWSXW DQ\PRUH IURP D JLYHQ SRLQW

RQ ,Q VRPH FRQWH[W D EHKDYLRUDOO\ FRUUHFW LGHQWL؀FDWLRQ LV HQRXJK LQ WKLV LGHQWLஹ஭FDWLRQ WKH OHDUQHU




 FDQ EH GLVFDUGHG
 ,৘৙ৢ২ঢ়৚ঢ়ৗ৕২ঢ়ৣৢ ৕ৢ৘ ০৙৛৩ৠ৕০ ৠ৕ৢ৛৩৕৛৙১
*ROG VKRZHG LQ >@ WKDW D FODVV RI VXSHU؀QLWH ODQJXDJॽұ FDQQRW EH LGHQWLஹ஭HG IURPD WH[W SUHVHQWDWLRQ
7KH FODVV RI UHJXODU ODQJXDJHV LV VXSHUஹ஭QLWH WKXV UHJXODU ODQJXDJHV FDQ QRW EH LQIHUUHG RQO\ IURP
SRVLWLYH H[DPSOHV LQ RWKHU ZRUGV D VHW RI VWULQJV EHORQJLQJ WR WKH WDUJHW ODQJXDJH LV QRW VXஸஹ஭FLHQW WR
OHDUQ LW
6RPH OLPLWDWLRQV DERXW OHDUQLQJZLWK DSUHVHQWDWLRQ IURPDQ LQIRUPDQW DOVR H[LVW DV*ROGSRLQWHG
RXW >@
ǰFPSFN  7KH ZKROH FODVV RI UHFXUVLYH ODQJXDJॽ FDQ QRW EH LGHQWL؀HG LQ WKH OLPLW IURP D FRPSOHWH
SUHVHQWDWLRQ
+RZHYHU LQ WKH VDPH ZRUN *ROG VKRZHG WKDW
ǰFPSFN  7KH FODVV RI SULPLWLYH UHFXUVLYH ODQJXDJॽ FDQ EH LGHQWL؀HG LQ WKH OLPLW E\ D FRPSOHWH
SUHVHQWDWLRQ
7KLV FODVV RI ODQJXDJHV FRQWDLQV DOVR WKH UHJXODU ODQJXDJH FODVV WKHUHIRUH D UHJXODU ODQJXDJH FDQ EH
LGHQWLஹ஭HG LQ WKH OLPLW IURP D FRPSOHWH SUHVHQWDWLRQ RI H[DPSOHV
 ,ৢ৚৙০৙ৢৗ৙ ৕১ ৕ ১৙৕০ৗড়
*LYHQ D FRPSOHWH SUHVHQWDWLRQ ժ  ժ ૌ ժ਷ WKH PLQLPXP FDQRQLFDO DXWRPDWRQ FRQVLVWHQW ZLWKժ H[LVWV DQG LV XQLTXH DV VKRZHG LQ >@ 7KXV WKH LQIHUHQFH SUREOHP FDQ EH WXUQHG LQWR D VHDUFK
IRU WKLV DXWRPDWRQ EXW *ROG VKRZHG WKDW ஹ஭QGLQJ WKH PLQLPXP FRQVLVWHQW DXWRPDWRQ ZLWK D VHW RI
ұ$ VXSHUஹ஭QLWH ODQJXDJH FODVV LV D FODVV WKDW FRQWDLQV DOO ஹ஭QLWH ODQJXDJHV DQG DW OHDVW RQH LQஹ஭QLWH ODQJXDJH

VDPSOHV LV D 13KDUG SUREOHP 7KHUHIRUH VRPH KHXULVWLFV DUH QHHGHG WR FDUU\ RXW WKLV VHDUFK LQ DQ
Hஸஹ஭FLHQW ZD\
7KH VHDUFK VSDFH FDQ EH VNHWFKHG WKURXJK WKH IROORZLQJ EDVLF HOHPHQWV
ت ,QLWLDO QRGH DQ إDFFHSWDEOHئ ')$
ت 6XFFHVVRU IXQFWLRQ SDLUZLVH VWDWH PHUJLQJ














ZLWK ժ ੃ \ռӴ ռռռӴ ռսռսӴ սսռ^
,Q >@ 'XSRQW GHVFULEHV WKLV VHDUFK VSDFH DV D ERROHDQ ODWWLFH 7KH LQLWLDO QRGH RI WKLV VSDFH LV
WKH VRFDOOHG 3UH؀[ 7UHH $FFHSWRU 37$ D WUHH DXWRPDWRQ DFFHSWLQJ RQO\ WKH SRVLWLYH H[DPSOHV ժ
$ 37$ LV VKRZQ LQ )LJXUH 
)LJXUH  ([DPSOH RI SDLUZLVHPHUJLQJ RSHUDWLRQ IURP DXWRPDWRQբȯ WKH WKUHH DXWRPDWD RI WKH VHFRQG OLQH DUH
REWDLQHG

7KH PHUJLQJ RSHUDWLRQ LV D SDUWLWLRQ RI WKH VHW RI VWDWHV RI WKH RULJLQDO DXWRPDWRQ )RUPDOO\
LI բφ  	ဿӴղӴ ֌ᇊӴ ඪඥӴ ඪබӴ ᇂ
 LV WKH RULJLQDO DXWRPDWRQ DQG ᇎ LV D SDUWLWLRQ RI WKH VHW RI LWV
VWDWHV WKHQ WKH REWDLQHG DXWRPDWRQ DSSO\LQJ ᇎ LV FDOOHG TXRWLHQW DXWRPDWRQ բϵ  բφᇎ 	ဿ஥Ӵղ஥Ӵ ֌஥ᇊӴ ඪ஥ඥӴ ඪ஥බӴ ᇂ஥
 DQG LWV HOHPHQWV DUH GHஹ஭QHG DV IROORZV
ت ဿ஥  ဿ
ت ղ஥  ղᇎ  \գ	֌Ӵ ᇎ
]֌ ୮ ղ^
ت ඪ஥ඥ  \գ ୮ ղ஥]գ ો ඪඥ ଈ ᇓ^
ت ᇂ஥ ੃ ղ஥ ੎ ဿ ݂ ϵղ஬ ੃ ૞գӴգ஥ ୮ ղ஥Ӵ ૞ռ ୮ ဿӴգ஥ ୮ ᇂ஥	գӴռ
 ࡈ ૠ֌Ӵ ֌஥ ୮ղӴ ֌ ୮ գӴ ֌஥ ୮ գ஥ DQG ֌஥ ୮ ᇂ	֌Ӵ ռ

ZKHUHգ	֌Ӵᇎ
 GHQRWHV WKH XQLTXH HOHPHQW RU EORFN RIᇎ FRQWDLQLQJ ֌ 7KH VWDWHV RIղ LQ WKH VDPH
EORFNգ RI WKH SDUWLWLRQᇎ DUH VDLG WR EH PHUJHG WRJHWKHU
7KH VHW RI VXFFHVVRUV RI DQ DXWRPDWRQ LV JHQHUDWHG E\ SDLUZLVH PHUJLQJ RSHUDWLRQV WZR VWDWHV
RI WKH RULJLQDO DXWRPDWRQ DUH PHUJHG JLYLQJ D QHZ DXWRPDWRQ ZLWK D QXPEHU RI VWDWHV GHFUHDVHG E\
RQH DV VKRZQ LQ )LJXUH 
7KH SDLUZLVH PHUJLQJ RSHUDWLRQ LV DOVR NQRZQ DV GHULYDWLRQ RSHUDWLRQ 6XSSRVH WKDWձ	բ
 LV WKH
VHW RI DOO WKH SRVVLEOH SDUWLWLRQV RI WKH VHW RI VWDWHV RI WKH DXWRPDWRQբ DQG OHW ᇎφ DQG ᇎϵ WZR LWHPV
RIձ	բ
 7KH SDUWLWLRQ ᇎϵ LV VDLG WR EH GLUHFWO\ GHULYHG IURP ᇎφ LI
ᇎϵ  \գφօ ૌ գφֆ^ ૌ 	ᇎφ?\գφօӴգφֆ^
Ӵ
IRU VRPH օӴ ֆ EHWZHHQ φ DQG WKH QXPEHU RI EORFNV LQ ᇎφ ZLWK օ ଈ ֆ
7KH GHULYDWLRQ RSHUDWLRQ GHஹ஭QHV D SDUWLDO RUGHU UHODWLRQ ୔ RQ ձ	բ
 ZKRVH WUDQVLWLYH FORVXUH
ZLOO EH LQGLFDWHG ZLWK୆ 7KXV LIᇎφ ୆ ᇎϵ WKHQ DV H[WHQVLRQբᇎφ۔բᇎϵ %\ FRQVWUXFWLRQ RI
WKH TXRWLHQW DXWRPDWRQ WKH SURSHUW\ RI ODQJXDJH LQFOXVLRQ KROGV >@

)LJXUH  ([DPSOH RI ERROHDQ ODWWLFH
ǰFPSFN  3URSHUW\ RI ODQJXDJH LQFOXVLRQ /HW ձ	բ
 WKH VHW RI DOO SDUWLWLRQV RI WKH VWDWॽ RI DQ
DXWRPDWRQ բ DQG ᇎք ୆ ᇎօ ZLWK ᇎքӴ ᇎօ ୮ ձ	բ
 7KHQ WKH ODQJXDJH LGHQWL؀HG E\ WKH TXRWLHQW
DXWRPDWRQ խ	բᇎք
 ॾ LQFOXGHG LQ WKH ODQJXDJH RI խ	բᇎօ

բᇎք ୆ բᇎօ LI խ	բᇎք
 ୦ խ	բᇎօ
ӳ
$SSO\LQJ WKH PHUJLQJ RSHUDWRU KDV WZR SRVVLEOH FRQVHTXHQFHV LQ WKH ஹ஭UVW FDVH RQO\ WKH QXPEHU
RI VWDWHV LV GHFUHDVHG DQG WKH UHFRJQL]HG ODQJXDJH LV SUHVHUYHG LQ WKH VHFRQG FDVH WKH UHGXFWLRQ LQ
WKH QXPEHU RI VWDWHV LV IROORZHG E\ D FKDQJH LQ WKH ODQJXDJH UHFRJQL]HG E\ WKH UHVXOWLQJ DXWRPDWRQ
LQGHHG WKH ODQJXDJH DFFHSWHG LV PRUH JHQHUDO SURSHUO\ LQFOXGLQJ WKH RULJLQDO RQH
7KH VHW ձ	բ
 DORQJ ZLWK WKH SDUWLDO RUGHU UHODWLRQ GHஹ஭QHV WKH ERROHDQ ODWWLFH խռ֏	բ
 7KH
QRGHV RI WKLV ODWWLFH DUH WKH TXRWLHQW DXWRPDWD REWDLQHG E\ DSSO\LQJ PHUJLQJ RSHUDWLRQV LQFOXGHG LQձ	բ
 WR WKH DXWRPDWRQբ 7KH GHHSHVW QRGH LQ խռ֏	բ
 LV WKH 8QLYHUVDO $XWRPDWRQ 8$ WKDW
DFFHSWV DOO WKH VWULQJV GHஹ஭QHG RYHU DQ DOSKDEHWဿ LHխ	նբ
  ဿ੟ $Q H[DPSOH RI D ERROHDQ ODWWLFH

LV VKRZQ LQ )LJXUH 
7KH LQIHUHQFH RI UHJXODU ODQJXDJHV SURYLGHG DSUHVHQWDWLRQ IURPDQ LQIRUPDQW FDQEH WXUQHG LQWR
WKH VHDUFK IRU DQ DXWRPDWRQբ஥ ୮ խռ֏	ձյբ	ժ

 JLYHQ WKH DGGLWLRQDO K\SRWKHVLV RI VWUXFWXUDO
FRPSOHWHQHVV RI ժ WKDW FDQ EH GHஹ஭QHV DV >@
%FmOJUJPO  $ ժ VDPSOH VHW LV VDLG WR EH VWUXFWXUDO FRPSOHWH ZLWK UHVSHFW WR DQ DXWRPDWRQբ LI 
 HYHU\ WUDQVLWLRQ RIբ LV XVHG E\ DW OHDVW D VWULQJ LQ ժ
 HYHU\ VWDWH LQ ඪඥ LV WKH ஹ஭QDO VWDWH RI DW OHDVW D VWULQJ LQ ժ
8QGHU WKHVH FRQGLWLRQV WKH IROORZLQJ WKHRUHP FDQ EH GHPRQVWUDWHG >@
ǰFPSFN  /HW ժ D VWUXFWXUDO FRPSOHWH VDPSOH ZLWK UHVSHFW WR WKH PLQLPDO DXWRPDWRQբ DFFHSWLQJ
D UHJXODU ODQJXDJH խ WKHQբ EHORQJV WR խռ֏	ձյբ	ժ


)LJXUH  %RROHDQ ODWWLFH GHFRPSRVLWLRQ DGPLVVLEOH LQ JUHHQ LQDGPLVVLEOH LQ UHG DQG ERUGHUVHW LQ EOXH DXWRPDWD
7KH GHஹ஭QLWLRQ RI PLQLPDO ')$ FRQVLVWHQW ZLWK WKH VDPSOH VHW ժ FDQ EH H[SUHVVHG XVLQJ WKH HOH
PHQWV RI ERROHDQ ODWWLFH LQ WHUPV RI WKH VRFDOOHG %RUGHU 6HW EXW WR GHஹ஭QH ERUGHU VHW DQWLVWULQJ DQG
DXWRPDWRQ DW PD[LPDO GHSWK DUH EHLQJ GHஹ஭QHG

%FmOJUJPO  7KH DQWLVWULQJ RI D ODWWLFH RI DXWRPDWD LV WKH VHW RI DXWRPDWD ZKRVH HOHPHQWV DUH QRW
UHODWHG ZLWK DQ\ RWKHU HOHPHQW RI DQWLVWULQJ E\ D୔ UHODWLRQ
%FmOJUJPO  $Q DXWRPDWRQ LV DW PD[LPDO GHSWK LQ D ODWWLFH LI WKHUH LV QR DXWRPDWRQբ஥ WKDW FDQ EH
GHULYHG IURP LW VXFK WKDWբ஥ ો ժ਷  ૢ
%FmOJUJPO  7KH%RUGHU 6HWգմձյբ	ժӴ ժ਷
 LV KH VHW RI DXWRPDWD RIխռ֏	ձյբ	ժ

 RIZKLFK
HDFK HOHPHQW LV DW D PD[LPXP GHSWK
7KXV WKH ERUGHU VHW HVWDEOLVKHV WKH OLPLW RI JHQHUDOL]DWLRQ LQ WKH VHDUFK SURFHVV XQGHU WKH FRQWURO
RI QHJDWLYH VDPSOHV ժ਷ 6R WKH PLQLPXP ')$ FRQVLVWHQW ZLWK ժ LV WKH VPDOOHVW DXWRPDWRQ RI WKH
ERUGHU VHW LH WKH GHHSHVW RQH 0RUHRYHU WKH ERUGHU VHW SDUWV WKH ODWWLFH LQWR WZR PDLQ VXEVHWV
DGPLVVLEOH DXWRPDWDբբ LHբբ ો ժ਷  ૢ DQG LQDGPLVVLEOH RQHVբժ  LHբժ ો ժ਷ ଈ ૢ )LJXUH
 VKRZV D GHFRPSRVLWLRQ RI ODWWLFH DFFRUGLQJ WR WKLV FODVVLஹ஭FDWLRQ
)LJXUH  6NHWFK RI D VHDUFK LQ WKH ERROHDQ ODWWLFH
7KHRUHP  JXDUDQWHHV WKDW WKH WDUJHW RI WKH VHDUFK EHORQJV WR WKH ERROHDQ ODWWLFH 8QIRUWXQDWHO\
WKLV VSDFH LV WRR ODUJH WR EH VHDUFKHG H[WHQVLYHO\ ,QGHHG WKH QXPEHU RI DXWRPDWD LQ WKH ODWWLFH JHQHU

DWHG E\ DQ LQLWLDOձյբZLWK։ VWDWHV LV JLYHQ E\ WKH %HOO QXPEHU
ᇖ	։




7KHUHIRUH VRPH DSSURDFKHV KDYH EHHQ SURSRVHG WR FDUU\ RXW WKH VHDUFK LQ WKH ERROHDQ ODWWLFH LQ
DQ Hஸஹ஭FLHQW ZD\ VWDUWLQJ IURP WKH 37$ WRZDUGV WKH PLQLPDO DXWRPDWRQ DV VKRZQ LQ )LJXUH 
(YLGHQFH'ULYHQ 6WDWH 0HUJLQJ ('60 DOJRULWKP UHSUHVHQWV D VWDWHRIWKHDUW DOJRULWKP WR SHU
IRUP D VHDUFK LQ ERROHDQ ODWWLFH DQG GHWDLOHG GHVFULSWLRQ FDQ EH IRXQG LQ >@
,Q $OJRULWKP  WKH SVXHGRFRGH RI ('60 DV SUHVHQWHG LQ >@ LV VKRZQ
('60 LV HPSOR\HG DV LQIHUHQFH DOJRULWKP LQ WKH DSSURDFK SURSRVHG E\ WKLV WKHVLV ('60 LV DQ
LWHUDWLYH DOJRULWKP LQ WKH EOXHUHG IUDPHZRUN LQWURGXFHG WR UHGXFH WKH QXPEHU RI FRPSDULVRQV IRU
PHUJLQJ RSWLRQV LQ RUGHU WR FKRRVH WKH PRVW SURPLVLQJ RQH 5HG QRGHV UHSUHVHQW DOUHDG\ LGHQWLஹ஭HG
QRGH ZKLOH EOXH QRGHV DUH WKH FXUUHQW RSWLRQV IRU PHUJLQJ
$W WKH EHJLQQLQJ RI WKH DOJRULWKP WKH URRW QRGH LV PDUNHG DV UHG ZKLOH LWV FKLOGUHQ DV EOXH $W
HDFK LWHUDWLRQ WKH DOJRULWKP WULHV WR PHUJH D EOXH QRGH ZLWK D UHG RQH LI QR PHUJH LV SRVVLEOH LWV
FRORXU LV FKDQJHG WR UHG WKH QRGH LV SURPRWHG WKHQ LWV XQFRORXUHG FKLOGUHQ DUH PDUNHG DV EOXH
%DVLFDOO\ WKH PDLQ VWHSV RI WKH DOJRULWKP FDQ EH VNHWFKHG DV IROORZV
 *LYHQ D VWUXFWXUDO FRPSOHWH VDPSOH VHW ժ FUHDWHձյբ	ժ
 DQGPDUN WKH URRW QRGH DV UHG DQG
LWV FKLOGUHQ DV EOXH
 &RPSXWH D VFRUH IRU HDFK FRXSOH RI UHG DQG EOXH QRGHV
 ,I WKHUH H[LVWV D EOXH QRGH WKDW FDQ QRW EH PHUJHG ZLWK DQ\ UHG RQH SURPRWH WKH EOXH QRGH
PDUN LWV XQFRORXUHG FKLOGUHQ DV EOXH DQG JR EDFN WR VWHS 




*OQVU Ӿ  Ӿ ૌ Ӿ਷




 %ৠ৩৙݁ ^Ԡռ  Ԑ ୮ ဋ DQG Ӿ ો Ԑဋ੟ ଈ ૢ`
 XIJMF %ৠ৩৙ଈ ૢ EP
 SURPRWLRQ݁ IDOVH
 EV݁ ਷
 GPS Ԡս ୮ %ৠ৩৙ EP
 JG QRW SURPRWLRQ UIFO
 DWOHDVWRQHPHUJH݁ IDOVH
 GPS Ԡս ୮ 5৙৘ EP
 ԢԒ ݁ &28170(5*(Ԡ֍ Ԡս Ӷ Ӿ Ӿ਷
 JG Ԣ  ਷ UIFO
 DWOHDVWRQHPHUJH݁ WUXH
 FOE JG
 JG Ԣ  ԑԢ UIFO
 ԑԢ ݁ Ԣ Ԡ֍ ݁ Ԡ֍ Ԡս ݁ Ԡս
 FOE JG
 FOE GPS






 JG QRW SURPRWLRQ UIFO
 %ৠ৩৙݁ %ৠ৩৙ ^Ԡս`




 GPS BMM ԧ ୮ Ӿ EP
 ඪඥ ݁ඪඥ ૌ \ᅮ	Ԡᇊ ԧ
^
 FOE GPS
 GPS BMM ԧ ୮ Ӿ਷ EP





7KH IXQFWLRQ&2817 DW OLQH  RI $OJRULWKP  UHWXUQV WKH QXPEHU RI VWULQJV WKDW ZRXOG HQG LQ
WKH VDPH VWDWH LI ֌֍ DQG ֌ս ZHUHPHUJHG WKH IXQFWLRQ UHWXUQV਷ LI WKHPHUJHPDNHV WKH DXWRPDWRQ
LQDGPLVVLEOH LH DQ HOHPHQW RI ժ਷ KDV EHHQ DFFHSWHG RU DQ HOHPHQW RI ժ KDV EHHQ UHMHFWHG 7KH SDLU
ZLWK WKH KLJKHVW VFRUH LV FKRVHQ
 7ড়৙ ৠ৕ৢ৛৩৕৛৙ ৣ৚ ৤৕২ড়১
$PRELOLW\ PRGHO LV D FRQFLVH DQG PHDQLQJIXO UHSUHVHQWDWLRQ RI SDVW DQG IXWXUH PRELOLW\ EHKDYLRUV
1RZDGD\V ORFDWLRQ GDWD LV HDV\ WR FROOHFW GXH WR DYDLODELOLW\ RI D ZLGH VHW RI FRPPRQ GHYLFHV
VXFK DV VPDUWSKRQHV RU WDEOHWV WKDW FDQ SURYLGH D JUHDW TXDQWLW\ RI SRVLWLRQLQJ GDWD 7KH GLVFRYHU\
RI PHDQLQJIXO LQIRUPDWLRQ IURP WKLV KXJH DPRXQW RI GDWD LV DQ RSHQ LVVXH
6HYHUDO ZRUNV >@؞>@ UHYHDOHG WKDW KXPDQ VSDWLDO WUDMHFWRULHV DUH KLJKO\ SUHGLFWDEOH WKXV
UHJXODU ODQJXDJHV FDQ EH DQ DGHJXDWH WRRO WR FDSWXUH DQG FRPSUHVV UHJXODULWLHV LQ DQ HஸIHFWLYH UHSUH
VHQWDWLRQ 7KLV PRWLYDWHV IRU HPSOR\LQJ UHJXODU ODQJXDJHV WR GHVFULEH XVHUVأ PRELOLW\ SDWWHUQV LGHQ
WLI\LQJ WKH إODQJXDJH RI SDWKVئ 0RUHRYHU UHJXODU ODQJXDJHV DUH VHOHFWHG DPRQJ DOO WKH RWKHU FODVVHV
RI WKH &KRPVN\ KLHUDUFK\ EHFDXVH WKH LQGXFWLYH SURFHVV IRU WKLV FODVV RI ODQJXDJHV LV YHU\ Hஸஹ஭FLHQW
,Q WKH IROORZLQJ DQ DSSURDFK WR LQIHU DQG UHSUHVHQW XVHU PRELOLW\ PRGHOV YLD UHJXODU ODQJXDJHV
LV GHVFULEHG 7KH ஹ஭UVW VWHS RI WKLV SURFHVV LV WR WUDQVODWH SDWKV LQWR D V\PEROLF UHSUHVHQWDWLRQ DQG LW LV
DFFRPSOLVKHGE\ JHRKDVK HQFRGLQJ 7KHQ JHRKDVK UHSUHVHQWDWLRQRI SDWKV LV XVHG LQ RUGHU WREXLOG XS
D KLHUDUFK\ RI ')$V UHSUHVHQWLQJ D KLHUDUFKLFDO PRELOLW\ PRGHO WKDW GHVFULEHV XVHU KDELWV DW GLஸIHUHQW
VFDOHV
7KLV PRGHO KDV VHYHUDO LQWHUHVWLQJ DSSOLFDWLRQV
ت 0RELOLW\ SDWWHUQ UHFRJQLWLRQ WKH PRGHO FDQ UHFRJQL]H WUDMHFWRULHV FRPSDWLEOH ZLWK XVXDO XVHU
EHKDYLRU
ت )XWXUH WUDMHFWRU\ SUHGLFWLRQ WKHPRGHO FDQ LQIHU SODXVLEOH WUDMHFWRULHV EDVHG RQ VWUXFWXUDO SURS
HUWLHV DQG FRQVLGHUDWLRQV

ت $QRPDO\ GHWHFWLRQ WKH PRGHO FDQ GHWHFW FKDQJHV LQ XVHU KDELWV
ت 3RLQW RI ,QWHUHVW 32, H[WUDFWLRQ WKH PRGHO FDQ VXJJHVW LQWHUHVWLQJ SODFH LQ D XVHUFHQWULF
IDVKLRQ
ت 6\QWKHWLF VDPSOॽ WKH PRGHO FDQ JHQHUDWH UHDOLVWLF WUDMHFWRULHV WR VLPXODWH XVHU EHKDYLRU
,Q QH[W VHFWLRQV D GHWDLOHG GHVFULSWLRQ RI WKLV DSSURDFK LV SURYLGHG DORQJ ZLWK D WHVW DERXW LWV
UHFRJQLWLRQ DELOLWLHV
 +৩ৡ৕ৢ ৡৣ৖ঢ়ৠঢ়২৭ ৡৣ৘৙ৠ১
,Q WKH ODVW \HDUV WKH VWHDG\ GLஸIXVLRQ RI SRVLWLRQLQJ V\VWHP KDYH JHQHUDWHG ODUJH YROXPHV RI PRELO
LW\ GDWD JLYLQJ UDLVH WR WKH UHVHDUFK ஹ஭HOG RI PRYHPHQW GDWD DQDO\VLV 7KH PDLQ DLP RI WKLV QHZ UH
VHDUFK DUHD LV WR ஹ஭QG WDLORUHG VROXWLRQV WR PLQH PRYHPHQW GDWD DQG JHW VLJQLஹ஭FDQW LQVLJKWV LQ IUH
TXHQW SDWWHUQV WUDYHOOHG E\ XVHUV LQ RUGHU WR SUHGLFW WKHLU IXWXUH PRYHPHQWV 0RYHPHQW GDWD DQDO
\VLV KDV DGDSWHG WHFKQLTXHV ERUURZHG IURP VHYHUDO GDWD PLQLQJ DSSURDFKHV RULJLQDOO\ VWXGLHG IRU
WUDQVDFWLRQDOEDVHG V\VWHPV
7KXV D ZLGH OLWHUDWXUH KDV EHHQ DFFXPXODWHG RQ WKH WRSLF RI PRELOLW\ PRGHOV DQG WKHLU DSSOLFD
WLRQV IRU H[DPSOH WKH WRSLF RIPRELOLW\PRGHOV LV FUXFLDO LQ WKH DQDO\VLV DQG VLPXODWLRQ RI RSSRUWXQLV
WLF QHWZRUNV WKDW DUH EDVHG RQ RSSRUWXQLVWLF FRQWDFWV IRU SHHUWRSHHU PHVVDJH IRUZDUGLQJ >@
7RXULVP LV DQRWKHU DSSOLFDWLRQ VFHQDULR IRU PRELOLW\ PRGHOV >@ EHFDXVH WUDMHFWRU\ GDWD FRQ
WDLQV VHTXHQFHV RI ORFDWLRQV WKDW DUH IUHTXHQWO\ YLVLWHG WKDW DUH YHU\ YDOXDEOH LQ WKH LGHQWLஹ஭FDWLRQ RI
32,V
+XPDQ PRELOLW\ PRGHOV KDYH DOVR DQ DSSOLFDWLRQ LQ VRFLDO VFLHQFHV EHFDXVH WKHLU DQDO\VLV FDQ H[
SODLQ DQG SURYLGH D EHWWHU XQGHUVWDQGLQJ RI VRFLDO SKHQRPHQD ,Q >@ DXWKRUV SURSRVH DQ DQDO\VLV
RI GDWD JDWKHUHG IURPPRQLWRULQJ RI XVHUV IUHHO\PRYLQJ LQ D XQLYHUVLW\ FDPSXV DLPLQJ DW JHWWLQJ QHZ
LQVLJKWV RI WKH OLIH LQ WKH FDPSXV
9HKLFXODU DGKRF 1HWZRUN 9$1(7 LV D IXUWKHU DSSOLFDWLRQ VFHQDULR IRU PRELOLW\ PRGHOV 7KH
SURKLELWLYH FRVW RI GHSOR\LQJ DQG LPSOHPHQWLQJ V\VWHP IRU 9$1(7 SXVKHV WRZDUGV WKH FUHDWLRQ RI

UHDOLVWLF VLPXODWRUV RI YHKLFXODU PRYHPHQWV H[SORLWLQJ PRELOLW\ PRGHOV WR JHW UHOLDEOH UHVXOWV IURP
VLPXODWLRQV >@
7ZR PDLQ W\SHV RI PRELOLW\ PRGHOV HPHUJH IURP WKLV OLWHUDWXUH >@ V\QWKHWLF DQG WUDFHEDVHG
PRGHOV
6\QWKHWLF PRGHOV DUH RIிHQ DLPHG WR WKH DXWRPDWLF JHQHUDWLRQ RI PRELOLW\ WUDFHV EDVHG RQ JUDSK
PRGHOV >@ RU XVLQJ YHKLFOH SURஹ஭OHV >@ 7KH\ RஸIHU D VWUDLJKWIRUZDUG PDWKHPDWLFDO IUDPHZRUN WR
H[SHULPHQW DQG WHVW ZLWK PRELOLW\ EHKDYLRU $ VXUYH\ RI WKLV W\SH RI PRGHOV FDQ EH IRXQG LQ >@
7UDFHEDVHG PRGHOV DUH FUHDWHG E\ UHDO WUDFHV DQG DUH WKHUHIRUH PRUH DFFXUDWH 7KHLU PDLQ GUDZ
EDFN LV WKH QHHG RI D ODUJH DPRXQW RI SRVLWLRQLQJ GDWD FROOHFWHG GXULQJ D VXஸஹ஭FLHQW SHULRG RI WLPH WR
PDNH WKHP UHOLDEOH >@
7UDFHV DUH REWDLQHG IURP FKDUDFWHUL]DWLRQ RI XUEDQ VSDFHV >@ RU DUH FROOHFWHG E\ VPDUW GHYLFHV
>@
3UHYLRXV ZRUNV KDYH LQYHVWLJDWHG PRELOLW\ GDWD PLQLQJ WR H[WUDFW JUDPPDU PRGHOV 7KH DXWKRUV
RI >@ XVH 3UREDELOLVWLF &RQWH[W)UHH *UDPPDUV 3&)* WR PRGHO QHWZRUN REVHUYDWLRQV WKH\ SUR
SRVH D QHZ LQIHUHQFH DOJRULWKP DQG D GHஹ஭QLWLRQ IRU 3&)*V RULHQWHG WRZDUG PRELOLW\ GDWD ,Q >@
)6$V ZHUH XVHG WR PRGHO PRELOLW\ EHKDYLRUV $XWKRUV SURSRVH WZR DSSURDFKHV LQ WKH ஹ஭UVW WKH DO
SKDEHW LV PDGH XS RI WKH إVWDWXVئ RI WKH XVHU DQG WKH VWDWHV RI WKH DXWRPDWRQ DUH WKH ORFDWLRQV HJ
DW KRPH DW ZRUN LQ WKH VHFRQG RQH WKH UROH RI ORFDWLRQV DQG إVWDWXVئ DUH VZLWFKHG /RFDWLRQV ZHUH
LQIHUUHG WKURXJK XQVXSHUYLVHG OHDUQLQJ DOJRULWKPVPLQLQJ WKHPRVW YLVLWHG SODFHV إVWDWXVئ FDWHJRULHV
DUH H[WUDSRODWHG IURP WHPSRUDO VHTXHQFHV RI PRYHPHQWV
$Q DSSURDFK EDVHG RQ JUDPPDU LQGXFWLRQ WR DQDO\]H VSDWLDO WUDMHFWRULHV ZDV LQYHVWLJDWHG LQ >@
$ JUDPPDU LQGXFWLRQ DOJRULWKP FDOOHGP6(ؤ8,785 ZDV SURSRVHG LW LV DEOH WR REWDLQ D JUDPPDU
UXOH VHW IURP D WUDMHFWRU\ IRU PRWLI JHQHUDWLRQ 0RUHRYHU WKH DXWKRUV SUHVHQW WKH 7UDMHFWRU\ $QDO\Vॾ
DQG 9,VXDOL]DWLRQ 6\VWHP 67$9,6 D WUDMHFWRU\ DQDO\WLFDO V\VWHP WKDW GHULYHV WUDMHFWRU\ VLJQDWXUHV
DQG DOORZV WR H[WUDFW UHOHYDQW LQIRUPDWLRQ IURP WKHP XVLQJ D JUDPPDU LQIHUHQFH DOJRULWKP

)LJXUH  $UHDV FRUUHVSRQGLQJ WR ĆUVW ELW RI JHRKDVK
VWULQJ
)LJXUH  $UHDV DVVRFLDWHG ZLWK WKH ĆUVW WZR ELWV RI D
JHRKDVK VWULQJ
 $ ড়ঢ়৙০৕০ৗড়ঢ়ৗ৕ৠ ৙ৢৗৣ৘ঢ়ৢ৛ *৙ৣড়৕১ড়
*HRKDVK LV DQ HQFRGLQJ V\VWHP GHYHORSHG E\ *XVWDYR 1LHPH\HU IRU JHRJUDSKLFDO FRRUGLQDWHV ,W DV
VLJQV D KDVK VWULQJ WR HDFK ODWLWXGH ORQJLWXGH SDLU RULJLQDOO\ LW ZDV GHYHORSHG WR SURYLGH D VPDUW
DQG HDV\ UHSUHVHQWDWLRQ RI 85/V EXW WKHQ LW KDV EHHQ ZLGHO\ XVHG WR VWRUH VSDWLDO FRRUGLQDWHV LQWR
GDWDEDVHV >@ *HRKDVK LV EDVHG RQ D KLHUDUFKLFDO VSDWLDO GDWD VWUXFWXUH WKDW UHFXUVLYHO\ VXEGLYLGHV
ZRUOG LQWR إEXFNHWVئ RI JULG VKDSH XQOLNH FRRUGLQDWH V\VWHPV LW GRHV QRW DFWXDOO\ UHSUHVHQWV D SRLQW
UDWKHU D ERXQGLQJ DUHD LQ ZKLFK WKH SRLQW LV UHVWULFWHG
7KH JHRKDVK DOJRULWKP SDUWLWLRQV WKH VSDFH XVLQJ D JULG FRPSRVHG E\  FHOOV DUUDQJHG LQ  URZV
DQG  FROXPQV HDFK FHOO FDQ EH UHFXUVLYHO\ GLYLGHG LQWR  FHOOV SURYLGLQJ D KLHUDUFKLFDO VWUXFWXUH WKDW
FRUUHVSRQGV WR D UHFXUVLYH TXDGWUHH *HRKDVK UHSUHVHQWDWLRQ PDUNV HDFK FHOO ZLWK DQ DOSKDQXPHULFDO
FKDUDFWHU IURP LWV DOSKDEHW PDGH XS RI  V\PEROV LH ^          E F G H I J K M
N P Q S T U V W X Y Z [ \ ]` 7KH DOSKDEHW V\PEROV DUH DVVRFLDWHG WR HDFK FHOO DGRSWLQJ WKH
=RUGHU DOORZLQJ DQ HDV\ FRPSXWDWLRQ RI WKH QH[W FHOO FKDUDFWHU E\ VZLWFKLQJ VRPH ELWV
,Q WKH JHRKDVK VWULQJ ELW LQ HYHQ SRVLWLRQV HQFRGH WKH ORQJLWXGH LQIRUPDWLRQ ZKLOH WKRVH LQ RGG
SRVLWLRQV HQFRGH WKH ODWLWXGH )RU H[DPSOH LQ WKH ஹ஭UVW SKDVH RI WKH HQFRGLQJ WKHZKROHZRUOG LV SDUWHG
LQWR WZR UHFWDQJOH DFFRUGLQJ WR WKH ORQJLWXGH DV VKRZHG LQ )LJXUH 
7KH QH[W ELW LV REWDLQHG WKURXJK D ORQJLWXGLQDO SDUWLWLRQ RI WKH UHFWDQJOHV REWDLQHG E\ WKH SUHYL
RXV VWHS DV VKRZHG LQ )LJXUH 
7KLV SURFHVV FDQ EH LWHUDWHG XQWLO WKH GHVLUHG VSDWLDO DFFXUDF\ LV REWDLQHG 7KH OHQJWK RI WKH ELQDU\

VWULQJ PXVW EH D PXOWLSOH RI  WR DOORZ LWV FRQYHUVLRQ WR D VHTXHQFH RI V\PEROV IURP JHRKDVK DOSKD
EHW ,QGHHG HDFK V\PERO LV DVVRFLDWHG ZLWK D ELW FRGH WKXV WKH ELQDU\ VWULQJ FDQ EH SDUWLWLRQHG LQWR
VXEVWULQJ RI  ELWV WKDW DUH UHSODFHG E\ FRUUHVSRQGLQJ V\PEROV >@ 7DEOH  VKRZV WKH FRUUHVSRQ
GHQFH EHWZHHQ WKH ELQDU\ VWULQJ φφЈЈЈφЈφφЈЈφЈφφЈЈЈφЈφφφφφЈφφφφφφφЈЈ DQG LWV JHRKDVK
VTF]JZ FRXQWHUSDUW &OHDUO\ HYHU\ JHRKDVK VWULQJ LGHQWLஹ஭HV D SDUWLFXODU FHOO LQ WKH KLHUDUFKLFDO UHSUH
VHQWDWLRQ
V T F  ] J Z
      
7DEOH  *HRKDVK VWULQJ DQG LWV ELQDU\ UHSUHVHQWDWLRQ
7KHUHIRUH WKH REWDLQHG UHSUHVHQWDWLRQ LV EDVHG RQ WKH SULQFLSOH RI JUDGXDO GHJUDGDWLRQ WKH
ORQJHU WKH JHRKDVK VWULQJ WKH VPDOOHU WKH DUHD 7DEOH  VKRZV WKH VL]H RI WKH DUHD LGHQWLஹ஭HG E\ D
JHRKDVK FRGH ZLWK UHVSHFW WR LWV OHQJWK ,W LV ZRUWK QRWLQJ WKDW H[WHQGLQJ D JHRKDVK VWULQJ E\ D FKDU
DFWHU GHFUHDVHV WKH DUHD RI WKH LGHQWLஹ஭HG FHOO RI D IDFWRU ϵΘ  ϯϵZLWK UHVSHFW WR WKH RULJLQDO RQH








7DEOH  $UHD FRYHUHG E\ D FHOO ZLWK UHVSHFW WR WKH OHQJWK RI LWV JHRKDVK HQFRGLQJ VWULQJ
,QFOXVLRQ SURSHUW\ LV D QRWDEOH SURSHUW\ RI JHRKDVK HQFRGLQJ LW LV DOZD\V SRVVLEOH WR DGG D FKDUDFWHU
WR D JHRKDVK VWULQJ REWDLQLQJ D QHZ VWULQJ WKDW LGHQWLஹ஭HV D FHOO FRQWDLQHG LQWR WKH RULJLQDO RQH )RU
H[DPSOH WKH FRRUGLQDWHV   LGHQWLI\ D SRLQW LQFOXGHG LQVLGH WKH VTF]J FHOO EXW DOVR
LQVLGH VTF]JZ RU VTF]JZN

/RFDOLW\ SURSHUW\ LV DQRWKHU SURSHUW\ RI JHRKDVK VWULQJV ZLWK FRPPRQ SUHஹ஭[ PDUN FRQWLJXRXV
FHOOV 7KXV LW LV YHU\ VLPSOH WR FKHFN LI WZR FHOOV DUH QHLJKERUV 7KH FRQYHUVH LV QRW DOZD\V WUXH WZR
FHOOV FRXOG EH QH[W WR HDFK RWKHU HYHQ LI WKH\ GR QRW VKDUH D FRPPRQ SUHஹ஭[
 0ৣ৖ঢ়ৠঢ়২৭ ৡৣ৘৙ৠ১ ৕১ ৕৩২ৣৡ৕২৕
,Q WKLV WKHVLV LW LV FODLPHG WKDW PRELOLW\ PRGHOV FDQ EH VXFFHVVIXOO\ UHSUHVHQWHG E\ ODQJXDJHV VSHFLஹ஭
FDOO\ UHJXODU ODQJXDJHV
,Q WKH SUHYLRXV VHFWLRQV WKH PDLQ HOHPHQWV QHHGHG IRU ODQJXDJH LQIHUHQFH KDYH EHHQ RXWOLQHG
,Q WKLV VHFWLRQ D GHVFULSWLRQ RI PRELOLW\ PRGHOV DV ODQJXDJHV DQG RI D PHWKRG WR LQIHU WKHP IURP
PRELOLW\ GDWD DUH SURYLGHG
,Q WKH SURSRVHG DSSURDFK GDWD LV SURYLGHG DVPRYHPHQW WUDFNV >@
%FmOJUJPO  0RYHPHQW WUDFN 7KHPRYHPHQW WUDFN LV WKH WHPSRUDOO\ RUGHUHG RI VSDWLDOWHPSRUDO
SRVLWLRQ UHFRUGV FDSWXUHG E\ D SRVLWLRQLQJ GHYLFH GXULQJ WKH ZKROH OLIHVSDQ RI WKH XVHU REVHUYDWLRQ
(DFK UHFRUG FRQWDLQV D SRVLWLRQ DQG WKH LQVWDQW RI WKH FDSWXUH 7KHUH DUH QR WZR UHFRUGVZLWK WKH VDPH
LQVWDQW YDOXH
0RYHPHQW WUDFNV DUH WKH UDZ GDWD FROOHFWHG IURP D SRVLWLRQLQJ V\VWHP PRQLWRULQJ XVHU PRYH
PHQWV 7KH\ KDYH WR EH WXUQHG LQWR WUDMHFWRULॽ >@ WR EH XVHG LQ RUGHU WR ஹ஭OWHU RXW QRLVH DQG WR
HVWLPDWH RWKHU PRYHPHQW IHDWXUHV VXFK DV VSHHG DQG GLUHFWLRQ 3DWKV DUH WKH WUXH DLP RI WKH DQDO\VLV
%FmOJUJPO  3DWK $ SDWK LV WKH SRUWLRQ RI D WUDMHFWRU\ EHWZHHQ WZR UHOHYDQW SRLQWV LQ WLPH RU
VSDFH GLPHQVLRQV
3DWKV UHYHDO XVHU EHKDYLRU DQG KLJKOLJKW UHOHYDQW SODFHV ZKHUH WKH XVHU VSHQGV PRVW RI KLV WLPH
.QRZLQJ WKHVH SODFHV LV FUXFLDO LQ PDQ\ DSSOLFDWLRQV DQG WKH\ DUH IXQGDPHQWDO LQ FRPSDULQJ KDELWV
RI VHYHUDO XVHUV RU LQ UHFRJQL]LQJ DQRPDOLHV RU FKDQJHV LQ WKHLU URXWLQHV
3DWKV KDYH DPXOWLVFDOH QDWXUH VLJQLஹ஭FDQW LQIRUPDWLRQ FDQ EH H[WUDFWHG E\ REVHUYLQJ GDWD DW GLI
IHUHQW VFDOHV )RU H[DPSOH XVXDO SDWK RI WKH XVHU FRXOG EH WKH URXWH IURP KRPH WR WKH ZRUNSODFH

)LJXUH  )URP WUDMHFWRULHV WR D KLHUDUFK\ RI ')$V JLYHQ WKH ')$ RI WKH FHOO FRQWDLQLQJ WKH VXEFHOO êXë ĆJXUH RQ WKH
OHIW D PRUH GHWDLOHGPRGHO FDQ EH EXLOW XS LQIHUULQJ WKH ')$ RI WKH ODQJXDJH êXë ĆJXUH RQ WKH ULJKW
EHFDXVH LW UHFXUV DOPRVW HYHU\ GD\ EXW LW FDQ EH YHU\ GLஸIHUHQW LQ VFDOH IRU GLஸIHUHQW XVHUV &RQVLGHU D
XVHU ZKRVH ZRUNSODFH LV LQ DQRWKHU FLW\ ZLWK UHVSHFW WR KLV KRPH KLV SDWKV FURVVHV D ZLGH DUHD FRP
SDUHG WR WKH VDPH W\SH RI SDWK LQ WKH FDVH RI ZRUNSODFH DQG KRPH DUH LQ WKH VDPH FLW\ VR LW FRPSDUHV
DW GLஸIHUHQW VFDOH RI GDWD LQ WKH WZR FDVHV 0RUHRYHU IUHTXHQW SDWKV RI WKH VDPH XVHU FDQ KDYH GLஸIHUHQW
VFDOHV D XVHU FDQ GDLO\ PRYH DFURVV WZR FLWLHV WR JHW WR KLV ZRUNSODFH EXW HYHU\GD\ KH DOVR PRYHV IRU
H[DPSOH IURP KLV ZRUNSODFH WR WKH SODFH ZKHUH KH KDV OXQFK WKDW LV SUREDEO\ FORVH WR KLV ZRUNSODFH
0RUHRYHU SDWKV VKDUH WKH VDPH UHFXUVLYH VWUXFWXUH LOOXVWUDWHG IRU KXPDQ DFWLYLWLHV LQ WKH SUHYLRXV
FKDSWHUV 7KXV D SDWK FDQ EH GHFRPSRVHG LQWR VLPSOHU SDWKV WKDW DUH FRPSRVHG E\ HYHQ VLPSOHU
SDWKV DQG VR RQ 7KHUHIRUH DOO WKH FRQVLGHUDWLRQV DERXW WKH DQDO\VLV DQG UHSUHVHQWDWLRQ RI UHFXUVLYH
VWUXFWXUHV KROG HYHQ LQ WKLV VFHQDULR
7UDMHFWRULHV DUH إJHRKDVKHGئ WXUQLQJ HDFK SDLU RI FRRUGLQDWHV LQWR WKH FRUUHVSRQGHQW JHRKDVK
VWULQJ 6R WUDMHFWRULHV DUH VHTXHQFHV RI VWULQJV ZKRVH DOSKDEHW LV WKH VHW RI WKH JHRKDVK V\PEROV (Q
FRGHG ZLWK WKLV UHSUHVHQWDWLRQ WUDMHFWRULHV FDQ EH DQDO\]HG DW GLஸIHUHQW VSDWLDO VFDOH RQFH WKH UHTXLUHG
SUHFLVLRQ LV ஹ஭[HG LW VXஸஹ஭FLHQW WR UHFRYHU WKH FRUUHVSRQGHQW OHQJWK RI JHRKDVK VWULQJ DQG WUXQFDWH HYHU\
VWULQJ RI HDFK WUDMHFWRU\ DW WKDW OHQJWK
7KH XVHUPRELOLW\PRGHO LV GHFRPSRVHG IROORZLQJ KLV EHKDYLRU UHODWHG WR HYHU\ FHOO RI JHRKDVK HQ
FRGLQJ D UHJXODU ODQJXDJH LV OHDUQHG IRU HDFK FHOO RI WKH JHRJUDSKLFDO DUHD FURVVHG E\ XVHU PRYHPHQWV
VWDUWLQJ IURP WKH KLJKHVW OHYHO RI JUDQXODULW\ 7KHQ D UHJXODU ODQJXDJHV LV LQIHUUHG IRU HDFK VHFWRU LQ
ZKLFK HDFK HOHPHQW RI WKH JULG FDQ EH GHFRPSRVHG DV VKRZHG LQ )LJXUH  7KH SURFHVV HQGV ZKHQ

WKH OHYHO RI FHOOV UHSUHVHQWLQJ WKH UHTXLUHG DFFXUDF\ LV UHDFKHG
)LJXUH  ([WUDFWLQJPLQL WUDMHFWRULHV IURP WUDMHFWRULHV WKH LPDJH RQ WKH OHIW VKRZV D WUDMHFWRU\ LQ LWV JHRKDVK
HQFRGLQJ HDFK VWULQJ LQVLGH WKH RUDQJH UHFWDQJOH FRUUHVSRQGV WR D ORFDWLRQ 7KH LPDJH RQ WKH ULJKW VKRZV KRZ
VXEVHTXHQFHV ZLWK WKH VDPH SUHĆ[ DUUDQJHG LQ FROXPQV RULJLQDWHPLQL WUDMHFWRULHV WKH ĆIWK HOHPHQW RI HDFK VWULQJV LV
FRQFDWHQDWHG WR REWDLQ DPLQL WUDMHFWRU\ PDUNHGZLWK WKH UHG ER[
0LQL WUDMHFWRULॽ DUH D EDVLF HOHPHQW RI PRELOLW\ PRGHOV FRQVWUXFWLRQ WKH\ GHVFULEH SODQDU PRYH
PHQWV WKDW WDNH SODFH LQ HDFK FHOO ,QGHHG LQVLGH HDFK FHOO WKHPRELOLW\PRGHO LV GHVFULEHG E\ VHTXHQFHV
RI FRQWLJXRXVPRYHPHQWV DPRQJ VXEFHOOV SURGXFLQJ D FRUUHVSRQGHQW VHTXHQFH RI JHRKDVK V\PEROV
LH WKH VXEFHOO V\PEROV 0LQL WUDMHFWRULHV FDQ EH REWDLQHG IRU HDFK FHOO E\ FRQVLGHULQJ DOO WKH FRQWLJX
RXV VXEVHTXHQFHV RI VWULQJV LQVLGH HDFK WUDMHFWRU\ WKDW VKDUH WKH SUHஹ஭[ FRUUHVSRQGLQJ WR WKH FHOO )RU
HDFK HOHPHQW RI WKH VXEVHTXHQFH RQO\ WKH V\PERO RI WKH VXEFHOO LV FRQVLGHUHG WKXV WKH VXEVHTXHQFH
LV WXUQHG LQWR D VWULQJ VHH )LJXUH  DIிHU UHFRYHULQJ DOO WKH VWULQJV UHODWHG WR WKH FHOO WKH QHHGHG
LQIRUPDWLRQ WR LQIHU D UHJXODU ODQJXDJH LV REWDLQHG
)LJXUH  +LHUDUFKLFKDO VWUXFWXUH RI ')$V HDFK WUDQVLWLRQ FDQ EH VXEVWLWXWHG ZLWK WKH FRUUHVSRQGHQW ')$
REWDLQLQJ DQ HQKDQFHG DXWRPDWRQ
7KH LQIHUHQFH SURFHVV SURYLGHV D ')$ WKDW UH஺ாHFWV WKH GHVFULEHG VWUXFWXUH 2QFH D ')$ KDV EHHQ
OHDUQHG IRU D SDUWLFXODU FHOO RI WKH JHRKDVK UHSUHVHQWDWLRQ WKH WUDQVLWLRQ IXQFWLRQ UHSUHVHQWV XVHU

PRYHPHQWV LQVLGH WKDW FHOO HDFK WUDQVLWLRQ VWDQGV IRU XVHU PRYLQJ WR D SDUWLFXODU VXEFHOO 7KH EH
KDYLRU RI WKH XVHU LQVLGH WKH VXEFHOO LV GHVFULEHG E\ WKH UHJXODU ODQJXDJH FRUUHVSRQGLQJ WR WKH V\PERO
RI WKDW FHOO 7KLV UHSUHVHQWDWLRQ DOORZV D VLPSOH QDYLJDWLRQ EHWZHHQ WKH GLஸIHUHQW VSDWLDO VFDOHV RI WKH
PRGHO LQGHHG WR LQFUHDVH UHVROXWLRQ DQG JHW D PRUH GHWDLOHG PRGHO LW LV VXஸஹ஭FHQW D إKLHUDUFKLFDOئ
QDYLJDWLRQ WKURXJK WKH SRRO RI DXWRPDWD VXEVWLWXWLQJ WR HDFK V\PERO WKH FRUUHVSRQGHQW ODQJXDJH
LH ')$ REWDLQLQJ D PRUH FRPSOH[ DQG GHWDLOHG DXWRPDWRQ )LJXUH  WKLV LV HTXLYDOHQW WR FRQ
FDWHQDWLQJ D QHZ V\PERO WR WKH JHRKDVK VWULQJ DQG LQVSHFWLQJ WKH PRYHPHQWV RI D QHZ OHYHO RI GHWDLO
7KH QHZ DXWRPDWRQ LGHQWLஹ஭HG E\ WKH EXLOW SUHஹ஭[ HQFRGHV GHWDLOV DERXW WKH PRYHPHQWV LQ DQ DUHD
LQFUHDVLQJO\ VPDOOHU DQG GHWDLOHG
,Q WKH SUHYLRXV VHFWLRQV LW KDV EHHQ VKRZQ WKDW D UHJXODU ODQJXDJH FDQ EH LQIHUUHG RQO\ ZLWK D
SUHVHQWDWLRQ IURP DQ LQIRUPDQW WKXV WR REWDLQ WKH PRELOLW\ PRGHOV IRU D XVHU D VHW RI H[DPSOHV RI
KLV SDWKV DUH QRW HQRXJK 7KH SURSRVHG DSSURDFK FRQVLGHUV WKH V\PPHWULF GLஸIHUHQFH EHWZHHQ WKH
VHW RI WUDMHFWRULHV RI RWKHU XVHUV DQG WUDMHFWRULHV RI FXUUHQW XVHU DV WKH QHJDWLYH VDPSOH VHW 7KLV VHW
UHSUHVHQWV YLDEOH URXWHV FKRVHQ E\ RWKHU XVHUV ZKLFK KDYH QRW EHHQ WUDYHUVHG E\ WKH FXUUHQW XVHU VR
LW FDQ EH FRQVLGHUHG DV QHJDWLYH VDPSOH IRU WKH ODQJXDJH WKDW UHSUHVHQWV PRELOLW\ KDELWV RI WKH FXUUHQW
XVHU
*LYHQ WKH PLQLWUDMHFWRU\ VHWV RI QHJDWLYH DQG SRVLWLYH URXWH VDPSOHV WKH FRUUHVSRQGHQW UHJXODU
ODQJXDJH LV LQIHUUHG E\ WKH ('60 DOJRULWKP
7KH ZKROH LQIHUHQFH SURFHVV IURP WKH VHW RI WUDMHFWRULHV WR WKH ஹ஭QDO SRRO RI ')$V LV IUDPHG LQWR
D V\VWHP PDGH XS RI WKUHH LQGHSHQGHQW PRGXOHV
ت .JOJ 5SBKFDUPSZ %BUBCBTF .BOBHFS LW FRQYHUWV WKH HOOLSVRLGDO FRRUGLQDWH WR JHRKDVK
VWULQJV )RU HYHU\ SUHஹ஭[ RI YDULDEOH OHQJWK IURP Ј WR ϩ LW VWRUHV D UHFRUG LQ D GDWDEDVH )RU
HDFK SUHஹ஭[ RQH IRU HYHU\ FHOO FURVVHG E\ DW OHDVW D UHOHYDQW QXPEHU RI WUDMHFWRULHV LW FRPSXWHV
WKH VHW RI PLQLWUDMHFWRULHV IRU DOO XVHUV 7KXV PLQL WUDMHFWRULHV DUH VHDUFKDEOH E\ XVHU RU FHOO
ت *OGFSFODF 1SPDFTTPS LW UHTXHVWV GDWD WR FRPSXWH WKH PRELOLW\ PRGHO RI D XVHU DQG H[HFXWHV
('60 $W WKH HQG RI WKH LQIHUHQFH SURFHVV LW UHWXUQV WKH KLHUDUFKLFDO SRRO RI ')$V UHSUHVHQW

LQJ WKH PRELOLW\ PRGHO RI WKH XVHU
ت .PCJMJUZ .PEFM )BOEMFS LW H[SORLWV VRPH IHDWXUHV RI WKHPRGHO VXFK DV WKH DELOLW\ WR UHFRJ
QL]H LI D SDWK EHORQJV WR D XVHU RU WR SURGXFH D QXPEHUV RI V\QWKHWLF SDWKV JHQHUDWHG WKURXJK
D PRELOLW\ PRGHO
(DFK PRGXOH ZDV GHVLJQHG DQG LPSOHPHQWHG IRFXVLQJ PDLQO\ RQ Hஸஹ஭FLHQF\ DQG LQGHSHQGHQFH
DLPLQJ DW REWDLQJ VHOIFRQWDLQHG V\VWHPV
 (৬৤৙০ঢ়ৡ৙ৢ২৕ৠ ৕১১৙১১ৡ৙ৢ২ ৣ৚ ৡৣ৖ঢ়ৠঢ়২৭ ৡৣ৘৙ৠ ৙৬২০৕ৗ২ঢ়ৣৢ
7KH SURSRVHG DSSURDFK KDV EHHQ WHVWHG RQ WKH GDWD SURYLGHG E\ WKH*HROLIH GDWDVHW >@ FROOHFWHG DW
0LFURVRIி 5HVHDUFK $VLD WKH KXJH YROXPH RI GDWD FODVVLஹ஭HV LW DV ELJ GDWD VRXUFH ,W LV D FROOHFWLRQ RI
WLPHVWDPSHG SRLQWV ODWLWLWXGH ORQJLWXGH DQG DOWLWXGH PRQLWRULQJ VSDWLDO EHKDYLRUV RI φ΅ϵ XVHUV
IRU Θ \HDUV JDWKHULQJ VSDWLDO DQG WHPSRUDO LQIRUPDWLRQ DERXW WKHLU PRYHPHQWV 7KH PDMRULW\ RI WUD
MHFWRULHV DUH ORFDWHG LQ &KLQD QHDU %HLMLQJ EXW WKHUH DUH DOVR VRPH WUDMHFWRULHV IURP WKH 86$ DQG (X
URSH 0RUH WKDQφϨӴ ЈЈЈ WUDMHFWRULHV DUH FRQWDLQHG WKH GDWDEDVH IRU D WRWDO DPRXQW RI DSSUR[LPDWHO\ΘЈӴ ЈЈЈ KRXUV RI WUDFNHG URXWHV *OREDO 3RVLWLRQLQJ 6\VWHP *36 ORJJHU DQG VPDUWSKRQHV DFWHG DV
DFTXLVLWLRQ GHYLFHV SURYLGLQJ D KLJK GHQVLW\ VDPSOLQJ UDWH φ ୽ Θ VHFRQGV LQ WLPH DQG Θ ୽ φЈ
PHWHUV LQ VSDFH IRU PRUH WKDQ νЈ RI WKH GDWD 'LஸIHUHQW NLQGV RI PRYHPHQWV ZHUH PRQLWRUHG UH
ODWHG WR GDLO\ DFWLYLWLHV JRLQJ DQG FRPLQJ EDFN KRPH IURP ZRUNSODFH HQWHUWDLQPHQW DFWLYLWLHV VXFK
DV VKRSSLQJ RU ULGLQJ D ELNH RU ZDONLQJ
7KH DVVHVVPHQW ZDV FRQGXFWHG FRQVLGHULQJ DOO WKH XVHUV LQ WKH GDWDVHW DQG DOO WKH WUDMHFWRULHV 7KH
ZKROH GDWDVHW ZDV SDUWHG LQWR WUDLQLQJ DQG WHVW VHW LQ RUGHU WR DVVHVV WKH JHQHUDOL]DWLRQ DELOLW\ RI WKH
,QIHUHQFH 3URFHVVRU
7ZR H[SHULPHQWV ZHUH FRQGXFWHG WR WHVW WKH DFFXUDF\ RI WKH SURSRVHG DSSURDFK ஹ஭[LQJ WKH UDWLR
EHWZHHQ WUDLQLQJ DQG WHVW VHW UHVSHFWLYHO\ DW  DQG  IRU HDFK XVHU 7KH VWULQJ OHQJWK IRU
JHRKDVK HQFRGLQJZDV VHW WR  FRUUHVSRQGLQJ WR D SUHFLVLRQRI P $PRELOLW\PRGHOZDV LQIHUUHG IRU

WKH XVHU IURP WUDLQLQJ GDWD DQG WKHQ LWV JHQHUDOL]DWLRQ DELOLW\ ZDV DVVHVVHG LQ UHFRJQL]LQJ WUDMHFWRULHV
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8VHU  8VHU  8VHU  8VHU
)LJXUH  $FFXUDF\ DW VL[ GLIIHUHQW OHYHOV RI JUDQXODULW\ IRU IRXU XVHUV  WUDLQLQJ  WHVW
5HVXOWV IRU  UHSUHVHQWDWLYH XVHUV DUH UHSRUWHG LQ )LJXUHV   DQG VKRZ WKDW WKH SURSRVHG
DSSURDFK SURYLGHV D KLJK UDWH RI DFFXUDF\ DW DOO VSDWLDO VFDOHV DQG LWV SHUIRUPDQFHV DUH QRW LQ஺ாXHQFHG
E\ WKH UHVROXWLRQ RI WKH WUDMHFWRULHV
)LJXUHV    VKRZV VRPH H[DPSOHV RI LQIHUUHG ')$V WKH\ GHPRQVWUDWH WKDW PRELOLW\
PRGHOV HQFRGHG WKURXJK DXWRPDWD FDQ EH YHU\ VLPSOH WR XQGHUVWDQG DQG FDSWXUH WKH PRVW UHOHYDQW






























)LJXUH  2QH RI WKH ')$ LQFOXGHG LQ WKHPRELOLW\ PRGHO RI XVHU  SUHĆ[ OHQJKW   WUDLQLQJ  WHVW






7KLV WKHVLV KDV GHVFULEHG DQ DSSURDFK WR FRSH ZLWK WKH FRPSOH[LW\ RI NQRZOHGJH UHSUHVHQWDWLRQ DQG
H[WUDFWLRQ LQ VHQVRU\ GDWD WKLV LV D YHU\ FKDOOHQJLQJ DQG FRPSOH[ WDVN GXH WR WKH JUHDW DPRXQW RI
DYDLODEOH UDZ GDWD DQG WR LWV KHWHURJHQHLW\ 0RUHRYHU ZHOOHVWDEOLVKHG DSSURDFKHV DUH QRW GLUHFWO\
VXLWDEOH IRU WKLV VFHQDULR EHFDXVH NQRZOHGJH GLVFRYHU\ UDLVHV QHZ FKDOOHQJHV GXH WR WKH KXJH FRPSOH[
LW\ KLGGHQ LQ GDWD 2QH RI WKH PDLQ LVVXHV LV WKH GLஸஹ஭FXOW\ WR LQWURGXFH WKH ULJKW DPRXQW RI DSULRUL
NQRZOHGJH LQWR WKH V\VWHP KHQFH DOJRULWKPV FDQ RQO\ EH WXQHG WKURXJK D VHW RI SDUDPHWHUV EDUHO\
FRUUHODWHG ZLWK RULJLQDO GDWD
+HQFH LW LV FODLPHG KHUH WKDW D VWUXFWXUDO DSSURDFK WR NQRZOHGJH H[WUDFWLRQ DQG UHSUHVHQWDWLRQ
LV WKH NH\ WR HQKDQFH DQG LPSURYH WKH TXDOLW\ RI WKH REWDLQHG PRGHOV 6WUXFWXUDO UHSUHVHQWDWLRQV
FDQ SURYLGH PRUH KXPDQXQGHUVWDQGDEOH PRGHOV DLGLQJ WKH GHVLJQHU RI WKH V\VWHP LQ WXQLQJ DQG
LPSURYLQJ WKH SURFHVV RI NQRZOHGJH H[WUDFWLRQ DQG REWDLQLQJ PRUH JHQHUDOL]DEOH UHSUHVHQWDWLRQV DV

FRPSDUHG WR FODVVLFDO DSSURDFKHV
7KUHH GLஸIHUHQW FDVH VWXGLHV ZKLFK LPSOHPHQW WKLV LGHD KDYHEHHQSUHVHQWHG HDFKRQH H[SORLWLQJ D
GLஸIHUHQW DSSURDFK EDVHG RQ VWDWLVWLFDO OHDUQLQJ V\QWDFWLFDOPHWKRGV DQG IRUPDO ODQJXDJHV UHVSHFWLYHO\
,W KDV EHHQ VKRZQ WKDW GLஸIHUHQW WHFKQLTXHV FDQ EH VXFFHVVIXOO\ HPSOR\HG LQ RUGHU WR UHFRYHU WKH
VWUXFWXUH KLGGHQ EHKLQG UDZ GDWD DQG WKDW WKLV NLQG RI UHSUHVHQWDWLRQ FDQ EH YHU\ HஸIHFWLYH IRU PDQ
DJLQJ WKH LVVXHV UHODWHG WR VHQVRU\ GDWD
$PRQJ DOO WKH LPSOHPHQWHG DSSURDFKHV WKH WKLUG RQH EDVHG RQ WHFKQLTXHV EHORQJLQJ WR $OJR
ULWKPLF /HDUQLQJ 7KHRU\ KDV GHPRQVWUDWHG D FOHDU DGYDQWDJH ZLWK UHVSHFW WR WKH RWKHUV HVSHFLDOO\
HYLGHQW ZKHQ FRQVLGHULQJ WKH SURGXFHG PRGHOV $OJRULWKPV PDQLSXODWLQJ IRUPDO ODQJXDJHV E\ EH
LQJ LQWULQVLFDOO\ UHFXUVLYH FDQ JLYH D PRUH QDWXUDO UHSUHVHQWDWLRQ RI PXOWLVFDOH PRGHOV ZKLFK DUH
PRUH VXLWDEOH IRU WKH DQDO\VLV RI VHQVRU\ GDWD DV WKH\ DOORZ WR HDVH WKH FRPSXWDWLRQDO EXUGHQ WKDW
FKDUDFWHUL]HV WKH KXJH YROXPH RI GDWD LQYROYHG
0RUHRYHU VXFK WRROV DV *UDPPDWLFDO ,QIHUHQFH SDYH WKH ZD\ WR WKH UHDOL]DWLRQ RI D QHZ FODVV RI
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